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PREFACE TO THE SECOND EDITION. 



In the presentation of the second edition of this book the 
effort has been made not only to make such additions and 
alterations as the progress of the science rendered necessary, 
but to correct whatever errors existed in the first edition, and 
to improve the work generally as much as might be. For 
kindly suggestions along these lines the author would express 
his thanks to the various reviewers who have from time to 
time noticed the work ; he would also express his profound 
appreciation of the generous spirit in which the book has 
been received. 

The publication of the monograph of Peters upon the em- 
bedding of the ovum and the formation of the placenta,* 
followed by the work of Webster,^ whose researches confirm 
the results of Peters' investigations, practically setting aside, 
as it does, the previous views upon these processes, neces- 
sitated radical changes in the text. Therefore the chapter 
treating of the DeciduaB and the Placenta has been rewritten^ 
as has also the greater part of the section upon the Chorion. 

In addition to those changes, several new illustrations 
have been added. 

J. U. li. 

August 15, 1901. 

* Die Einbething des Mmschlichen Eies. H. Peters. Vienna, 1899. 
' Human Placenlaiion, J. Clarence Webster. Chicago, 1901. 
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PREFACE 



The facts of embryology having acquired in recent years 
such great interest in connection with the teaching and with 
the proper comprehension of human anatomy, it is of first 
importance to the student of medicine that a concise and yet 
sufficiently full text-book upon the subject be available. It 
was with the aim of presenting such a book that this volume 
was written, the author, in his experience as a teacher of 
anatomy, having been impressed with the fact that students 
were seriously handicapped in their study of the subject of 
embryology by the lack of a text-book full enough to be 
intelligible, and yet without that minuteness of detail which 
characterizes the larger treatises, and which so often serves 
only to confuse and discourage the beginner. 

In the arrangement of the subject-matter of the book, it 
has been the aim not only to present a connected story of 
human development, but also to make each chapter as nearly 
as possible complete in itself, for the sake of convenience of 
reference. It is for this reason that some repetitions occur 
in the text. Tlie frequent allusions to certain facts of com- 
parative embryology are rendered necessary by the very 
nature of the subject, but it has been the writer's aim to make 
these allusions as simple and as easily intelligible as possible. 

In the selection of the illustrations, great care has been 
exercised to employ those of the greatest teaching value, and 
to arrange them, with reference to any one chapter, as nearly 

9 



10 PREFACE. 

m possible in proper chronological sequence. Due acknowl- 
edgement is made in each case for every illustration borrowed 
ffom other works. 

With few exceptions, no attempt has been made to cite 
aatborities in the text, and the author would here express 
bis obligations to the writings of His, O. Hertwig, Kdlliker, 
Schnltze, Bonnet, Balfour, Marshall, Piersol, Minot, Tour- 

neux, and many others. 

J. C. H. 

SiOb POWELTON AVK., 

Philadelphia. 
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CHAPTER I. 

THE MALE AND FEMALE SEXUAL ELEMENTS; 
MATURATION ; OVULATION ; MENSTRUATION ; 
FERTILIZATION. 

EMBRYOUKiY is that department of biology which treats 
of the generation and development of organisms. It may 
refer to the development of the race or stock — ^Phylogeny — or 
to that of the individual — Ontogeny ; again, it may treat of 
animal or of vegetable development. 

Since no observations have been made upon embryos 
of an age less than four or five days, and but few, indeed, 
upon those younger than sixteen or eighteen days, we 
cannot be said to possess definite knowledge of the very 
earliest processes of development in man. There is, how- 
ever, sufficient analogy between the known facts of human 
development and those of corresponding stages in allied 
groups of animals, as well as between the various groups of 
animals themselves, to establish certain broad general princi- 
pies of agreement in essential features. In tracing the his- 
tory of human development, therefore, frequent recourse 
must l>e had to the development of animals, since in this 
way only is it possible at present to fill up the gaps in our 
knowledge of human em bryology. 

That a new individual may be called into existence, the 
union of the male element, or spermatozoon, with the female 
element, or ovum, is neceasary. Such union is variously 
called fertilization, fecundation, and impregnation. 

Prior to the beginning of the present centurj', little or 
nothing was definitely known concerning reproduction and 
development. The opinions of the biologists of early times 
found expression in a theory which was then called the theory 
of unfolding or of evolution, but which more recently has 
2 17 
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been designated the preformation theory. According to this 
doctrine, the ^g or germ contained all the [)arts of the adult 
organism in an exceedingly minute condition, and develop- 
ment consisted in the simple growth or unfolding of already 
formed parts. As the theory of unfolding implied the pre- 
formation not only of the immediate hut of all subsequent 
offspring, its votaries were able to compute that the ovary 
of Eve contained 200,000 millions of human germs. 

With the discovery of the spermatozoon in 1677 by Hamm, 
a pupil of Leuwenhoeck, a controversy arose as to whether 
it was the spermatic filament or the ovum that contained the 
germ. Those who maintained the former view were known 
as animalculiats ; those who held the latter, as omf*. Acconl- 
ing to the opinions of the animalculists, the spermatozoon 
was the complete organism in miniature, and it nHjuired for 
its growth the soil or environment which the ovum alone 
could furnish. 

The enunciation by Wolff, in 1759, of his (hxirine ofepif/ene^ 
sis completely overturned the preformation theory. Wolff 
maintained that the germ was nnorganized matier^ and that the 
union of male and female material was ess(Mitial to repnxluc- 
tion. While Wolff's theor^' was in the main correc^t, it re- 
maineil for later iiivesti^itors to show that the ovum did not 
consist of unorganized matter, as he thought, but that it jios- 
sessed definite structunil cliaracteristies. Thus, the germinal 
vesicle of the hen's e^g was discovered in 1825 by Purkinje, 
and the germinal spot iii 182G by Wagner. S(X)n after the 
enunciation of the cell-doctrine by Sehleideii and S'hwann, 
it was seen that tlie (»vuin was in reality a ty{)ical cell, jm)S- 
sessing all the parts of sui^i a structure. 

It was not, however, until about the year 1840 that it was 
shoNMi, by Kolliker, Reichert, and others, that the si>ermatoz(>a 
are the active agents in fecundation. Previously it had btvn 
held, since the refutation of the preformation theory, that the 
seminal fluid jierformed this function, and that the sjierniato- 
zoa were parasitic organisms. 

The length of time ne<^essary for the development of the 
new individual varies according to the species ; in man it 



MALE AND FEMALE SEXUAL ELEMENTS. 19 

occupies nine calendar months or about ten lunar moutha — 
that is, from 273 to 280 days. The period of human gesta- 
tion is arbitrarily divided by His into three stages: (1) The 
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stage of tbe oTUm, comprising the first two weeks of develop- 
ment ; (2) The stage of the emiiryo, exteiidiug from the end 
of the second week to the fifth -week, during wiiich time the 
germ begiiiij to assume definite form ; and (3) The stage of 
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the fetus, which includes the remainder of the term of intra^ 
uterine existence. 

It may be pointed out that the term orum, as employed in 
embryology, has three diflerent significations: it designates 
the female sexual cell prior to its impregnation ; it is used in 
the sense noted above to designate the fertilizeil egg ; and it 
is somewhat loosely applied to the product of conception 
during various stages of development. 

TtlE SPERMATOZOON. 

It is noteworthy that both spermatozoa and ova — that is, 
both sexual cells — are products' of metamorphoses taking 
place in epithelial structures, the former being derived from 
the spermatogenic cells found in the seminiferous tubules of 

the testicle, while the latter come from 
the germinal epithelium of the ovary. 

\)\ }\ '^'^^ ^^"^ ^^ ^^^ seminal filament va- 

ries greatly in diflerent species (Fig. 1). 
The human spermatozoon (Fig. 2) is an 
elongated body, about 0.05 mm. (^-J^ 
inch) in length, consisting of three parts, 
a head, a middle piece, and a tail or 
flagellum. 

The head is much thickentKl as com- 
pared with the other segments, appear- 
ing egg-shaped as seen upon its broader 
surface, the smaller extremity being 
connected with the middle piece ; seen 
in profile, it is convex on one side and 
f^ \ concave on the other. The middle 

piece is somewhat longer and much 
thinner than the head, while the tail 
is a slender filament slightly more than 
four-fifths of the entire length of the 
spermatozoon. Ikying in the center 
of the spermatozoon, and extending 

throughout its entire length, is the slender axial fiber, which 

is prolonged slightly beyond the tail. 



Fio. 'J>*Human sper- 
matuzoa (after Retzius): 
>4, spermatozoon seen en 
fatx: h, head ; m, middle- 
piece ; /, tail ; e, end-piece; 
B, C\ seen from the side. 
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The power of locomotion wliic}i the spermatozoon exhibits 
is conferred by tbe vibrutile movement of its tail, accompanied 
by a rotation about ita long axis through an arc of 90 d^rees. 
The rate of progression is about 0.06 or 0.06 ram., or its own 
length, per second. 

Spermatozoa possess remarkable vitality, remaining active 
in the male genital tract for several days after death. In the 
genital passages of the female, they may retain their activity 
for several weeks, and when mounted and protected from 
evaporation they have been known to show vibratile motion 
after the lajiae of nine days (Piersol). Weak alkaline solu- 
tions render them more active, while acids, even quite dilute, 
destroy thera. The Mjwrmatozoa of the bat, being deposited 
in the female genital passages in the autumn, retain their 
power of fecundating ova until the following spring. 

Spermatogenesia. — The details of spermatozoon -formation, 
or BpermatogeneBia, vary in different animals. A cross sec- 
tion of a seminiferous tubule (Fig. 3) sbowe a layer of 




cuijoidal cells called parietal cells, lying in contact with 
the basement membrane of the tubule wall. This layer con- 
sists of the so-called Bertob's colnmnH, or Bnatentacnlar cells, 
and of the speimatogeiuc ceUs. The pustentacidiir cells are 
merely supporting; the spemiatogenic cells give rise to the 
B[)ernmtozua. The immediate offspring of the spermatogenic 
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cells are the motlier-cellB, a group lying in contact with the 
spermatogenic cells, on the side toward the lumen of the 
tubule. The multiplication of the mother-cells results in 
the production of the smaller daaghter-cells, whose nuclei 
are the spermatoblasts, or spermatids of some authors. The 
round spermatoblast soon becomes oval, and later pear-shaped, 
and its chromatin accumulates in the outer half of the nu- 
cleus, giving rise to a dark, deeply-staining zone in this ]K)si- 
tion, and a clear zone on the side toward the lumen of the 
tubule. At the same time the nucleus or spermatoblast 
escapes from the daughter-cell. A little later the sperma- 
toblast shows three zones — an outer clear band, a middle 
dark area, in which the chromatin has become localized, and 
an inner clear region. A slender filament or spine of chro- 
matin, the rudiment of the tail, now grows from the middle 
dark zone into and through the inner clear area (that is, 
toward the lumen of the tubule), projecting slightly beyond 
the limits of the nuclear membrane. With the disappear- 
ance of the nuclear membrane and the progress of further 
changes — which changes consist in the formation of the head 
from the outer clear band, of the tail and middle piece from 
the middle dark zone, and of the delicate sheath for the tail 
and the middle piece from the inner clear band — the develop- 
ment of the spermatozoon is practically completed. 

The spermatozoon has been regarded as a metaraoq)hosed 
cell, the head representing the nucleus, and the cilium 
or tail the protoplasm. This view, however, is contro- 
verted by certain authorities (Kolliker, Biondi, Niessing, 
Piersol), and the weight of the evidence is in favor of regard- 
ing the entire spermatozoon as having been developed from a 

cell-^udeus. 

THE OVUM. 

The female sexual cell or ovnm is remarkable among animal 
cells for its size, it being a rule, to which there are no known 
exceptions, that it is much larger than any other cell in the 
body of the parent. The human ovmn measures, in the mature 
state, 0.2 mm. in diameter. 

In structure, the ovum presents the parts of a typical cell ; 
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namely, a cell-wall, here called the vlteUine membrane, the 
cell-contents, or vitellns or yolk, a nucleus or germinal vesi- 
cle, and a nucleolus or germinal spot. 

Surrounding the ovum is a aomewhat loosely-fitting trans- 
|>arent, elastic envelope, the zona pellucida, and outside of 
this is the corona radiata. These two layers are oilcn re- 



Fto. 4.— Egg rrom a rabbif* follicle which WM 0.2 mm. (^ Inch) in dlMnetCT 
(■Iter WaMci'vrl. It Is lurrounded hy Ihe >cinB pcUuclita (i. p.l, on whlph thvie 
n»lal orm plucc Iblllcnlar celli </, i,|. The folk contaliu rIcutoplHimIc ^mnuk-s 
I't.). In Ihc gcrminntive vesicle U'. b.) the nuclear uelwurk (t. n,J ii espeulslly 
marked, and contaluh a larrp! (j^crmlnatWo dut (it./.). 

ferred to as the egg-enTelopea; jind aince they are oontrihuted 
by the iHscus proligerus of the Graafian folUele, it must be 
remembered that they are not. properly speaking, a part of 
the ovum. Between the zona pelhicida and the ovum is the 
small peiivitelline space. The radial striation of the zona is 
generally rcganled as due to the presence of minute canals 
opening into this space. The canals are thought by some to 
facilitate the ingress of spermatozoa, thus corresponding in 
function to the micropyle, a small aperture found in the less 
easily penetrable egg-envelopes of many invertebrates and 
of some fishes. 
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The vitelline membrane does not call fur extended descrij^ 1 
Ition, It iiiiiy be regarded us a slightly speeialized condeiisft- ■ 
I tion of the peripherdl jwirt of the cell -con tents. 

The vitelluB, or eell-contents, here, as in other cells, Is 
' essentially protoplasm, to which is added material called den- 
toplosm, designed for the utitritiou of the ovum at the begin- 
ning of develojmient. The protoplasm is also called the 
form&tive yolk and the egg-plasm, while the dcutoplasiii is 

■ known as the nutritive yolk. In the human ovum these ele- 
ments are more or less uniformly distributed ; there is, how- 
ever, a differentiation into an inner, slightly less clear region, 
containing more yolk-granules (den topi asm), and a peripheral, 
clearer zone. The characteristic transjmreiioy of the human 
egg-cell is due to the fact that the deutoplasmic particles 

I found in it are not cloudy as in the ova of other mammals. 
The following claasifieation of ova by Balfour is based upon 
the arrangement of these constituents : 
1. Alecithal ova are those in which the protoplasm and 




RertDinatlTB vealvlu (t.b.) wcupin tbc 
middle of (he nutrlllre yolk (ii.iJ.), 
wlilch if HnTelnped in ■ mkiille of 
rormallve yalli tfi. d.) (Hertwig). 



Flo. B.— nlagram iif nn egg wilh the 
DDtiltlTc yolk In ■ polar position. The 
fbrmsUvo yolk constltuten U tlie animal 
|»leU.P.),agerni-cII>kli'.»cft,)inwhieh 
Ibe genninatlve vealclc (it. A.) Is cn- 
dond. The nutritive yolk m.d.) nils 
(be reat of Ihc egg up to the vegetative 
pole <r.P.)IHcrlwlgl, 



deiitoplasm are uniformly distributed, as in the ova of Mam- 
malia, including man), and uf amphioxus (Fig. 4). 

2. Telolecithal ova are those in which the relatively abun- 
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dant deutoplasm is accumulated at one side of the ovum, 
called the vegetatiye pole, while the protoplasm appears as a 
flat germ-disk at the animal pole on the opiK)site side. Here 
belong the eggs of birds, reptiles, and bony fishes (see Fig. 5). 

3. Centrolecithal ova are those in which the deutoplasm is 
central, the protoplasm completely surrounding it, as in the 
eggs of arthropods (Fig. 6). 

Ova are classified also according to their method of seg* 
mentation. This will be described later. 

The germinal yesicle or nucleus is the most impoi'tant part 
of the cell, since, as will be seen hereafter, it is essentially 
by the conjugation, or more accurately by the fusion, of the 
nuclei of the male and female parent-cells that generation is 
effected. As a rule, there is but one nucleus, though there 
may be two. Its position is usually — if not universally — 
eccentric, this being more marked where there is a distinct 
differentiation into animal and veget£^tive poles, in which case 
it is found always near the animal pole. It is nearly spheri- 
cal in shape, and like the nucleus of any other typical cell, 
it is composed of a network of nuclear fibrils or chromatin 
substance, and nuclear juice or achromatin, the former con- 
taining the latter within its meshes. Surrounding the nucleus 
is the well-marked nuclear membrane, while within it is the 
nucleolus or germinal spot. The latter may be single or 
multiple, according to the species, though the number is fairly 
constant for each si)ecies. Nagel ascribes ameboid move- 
ment to the germinal spot. 

Polarity. — The polarity of the egg has been incidentally 
referred to. Apparently it owes its existence to the eccentric 
position of the nucleus, the animal pole being that point on 
the surface to which the nucleus is nearest. Polarity bears a 
significant relation to the specific gravity of the ovum, since 
the nucleus reaches the surface of the latter at the animal 
pole and there extrudes the polar globules; and it is also 
related to the segmentation of the fertilized egg. 

The HetL's T^SS' — ^.s the hen's egg is so largely utilized 
for the study of development, it will be profitable to consider 
briefly its structure. The ovum or egg-cell is represented by 
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the yolk or yellow of the egg-, the albumen or white, as well 
aa the shell and shell-membrane, being egg-eavelopes con- 
tributeii by the oviduct. Ab in other ova, the ^;g proper \s 
a single cell, having a vitelline membrane and a germinal 
vesicle. The enormous size of the coll is due to the large 
quantity of nutritive material or deuioplasm present, this 
contributing by far the greater part of the bulk, while the 
much smaller formative yolk or pnitoplasm, containing the 
germinal vesicle, is so eccentrically placet! that it seems to 
float upon the surface of the dciitoptasm. The little whitish 
spot nn the surface of tlie yolk, known as the cicatricola or 
germiiiative disk, consists of the germinal vesicle with the 
surrounding formative yolk. It is in the germinative disk 
atone that segmentation takes place, and it is for this reason 
that eggs of this class are designated meroblastic, or partially- 
dlTiding eggs. 

The deutoplasm is made up of white and of yellow yolk 




no. T,— Dla)[mniiiat[c longiludinBl sectlnii of an unlnCQbstcd hen's teg (nflvr 
Allen Tbomsun). (Somcwhit altereil) : b.t, i^rui-dlak ; w v, white yuU, which 
eoniiiU or m central fluk^hupcd mus. and ■ number of concentric Isyen lai- 
ronndlnR the yellow yolk iy-y.): v.l, rilenine membrane: z, rt somewhat floid 
■Ibuminout layer which immediately envelapes tuv yolk: u, albumen, compnaed 
□t altematlng layer* of more and leu fluid portions; eK.1. chalBiR; a.ch. alr- 
etuunlwr al llie blunt end at tbe egg— limidy a apace between the two layers of 
the ■heU.mcmbraue : i.i.n. Inner, •,■>. anter layer of the ahell-membrane ; •. 
abeU. 

{Fig, 7). The former consists of a thin layer spread over 
the snrface of the latter ; of a small mass, known as Pander's 
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nucleus, situated under the gerniinative disk; of a larger 
mass^ the latebra, more deeply- placed ; and of several con- 
centric layers separated from each other by the yellow yolk. 

Such 13 the e^ as it leaves the hen's ovary. In the begin- 
ning of the oviduct it is fertilize<i by the spermatozoa already 
there. After fertilization it passes into the longitudinally 
furrowed second part of the tube, where it receives a copious 
coating of albuminous material, the wMte of the egg ; thence 
it goes into the villous third part of the oviduct, where it 
acquires a calcareous coating, the shell; finally, passing 
through the fourth part of the canal, it is "laid." 

The layer of albumen immediately surrounding tlie yolk 
is relatively dense ; it is prolonged to either extremity of the 
^g, somewhat spirally twister], as the ctialase. Enclosing 
the albumen is the thin tough sheU-membTane. Thi^ con- 
sists of two layers, which sejianite at the blunt pole of the 
egg soon afler it is laid, giving rise to the air-cliamber. The 
ehell, composed largely of lime salts, is very porous and thus 
readily permits of the necessary gas- interchange between the 
contents of the egg and the external air during incubation. 

Ova do not possess the remarkable vitality which is char- 
acteristic of spermatozoa. An unimpregnated ovum per- 
ishes in from seven to nine days. 

Oogenesis, — The formation of ova takes place throughout 
the greater part of fetal life and continues for a short time 
(two years, according to Waldeyer, Bischoff, and others) 
after birth. Their number is estimated to be about seventy 
thousand. 

The ovum, the direct derivative of the genninal epithe- 
Unm covering the free surface of the ovary, is situated in the 
cortical part of the latter organ, being enclosed in the 
Graafian follicle. As a rule, each Graafian follicle or ovi- 
sac contains but one ovum, though sometimes two, and more 
rarely three are present. 

The Oraaflim follicle, in its mature condition, is a vesicle 
from 4 to 8 mm. in diameter, which is surrounded by a 
sheath, the theca folUcali or ttmica Tascnlosa, consisting of a 
condensation of the ovariaa stroma. The outer, more fibrous 
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zoae of the thcca, containing litrge blood-vessels, is distin- 
guished as the tnnica fibrosa ; the inner more cellular layer, 
rich in small vessels and cnpillaries, as the ttmlea propria. 
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The fibrous wall of the follicle is lined by the membrana 
granulosa, which consists of many layers of epithelial cells ; 
these, at the point of contact with the ovum, project in such 
a manner as to surround it completely, the cellular envelope 
thus formed constituting the discus proligerus. The inner 
cells of the discus are arranged in two layers, the individual 
elements having their long axes radially directed. From the 
appearance of radial striation, conferred partly by this cir- 
cumstance, the inner zone has been called the zona ;*adiata 
or zona pellucida, and the outer the corona radiata. The 
cavity of the Graafian follicle is filled with fluid, the liquor 
foUiculi. ^' 

The stigma, or hilum folliculi, a yellowish-white spot devoid 
of blood-vessels on the free surface of the Graafian follicle, 
indicates the point at which rupture will take place. After 
this event, which occurs when the ovum is '' ripe," the latter 
passes into the Fallopian tube. 

The ultimate origin of the egg is to be sought in that im- 
portant group of cells on the surface of the ovary to which 
Waldeyer gave the name germinal epithelium. This first 
appears at about the fifth week of intra-uterine life, as a 
localized thickening of the cells of the structure that subse- 
quently becomes the |)eritoneum. The thickened areas com- 
prise two longitudinal elevations on the dorsal side of the 
future abdominal cavitv, one on each side of the median 
plane of the body ; these are the genital ridges. Owing to 
the development of connective tissue beneath the epithelium, 
the ridges increase in thickness, and, with the progress of 
other changes, finally become, in the female, the ovaries. 
At about the sixth or seventh week — the germinal epithelium 
now consisting of several layers of cells instead of being a 
single stratum thick, as at first — cord-like processes, the 
sexual cords, or primary egg-tubes, or egg-columns, grow from 
the surface into the underlying connective tissue, carrying with 
them certain of the surface-cells (see Fig. 112). Conspicuous 
among these are the large sexual cells, or primitive ova ; while 
smaller cells, likewise from the germinal epithelium, are 
also present. The sexual cords become divided into groups 




; / 



30 TEXT-BOOK OF EMBRYOLOGY', 

of cells, each group containing one or more primitive ova 
and many of the smaller cells. Gradually, the small cells 
of the group surround the primitive ovum, at first as a single 
layer of flattened cells, which are succeeded by several layers 
of polygonal cells. From these enveloping cells come the 
membrana granulosa and the theca of the Graafian follicle. 

The primitive ova become ftilly formed eggs upon the 
assumption by their rather ill-defined nuclei of the charac- 
teristic shape and structure of typical nuclei, coincidentally 
with the occurrence of other changes of secondary importance 
in other parts of the cell. 

Tiie youngest ova are found nearest the surface of the 
ovary, the eggs as they develop advancing toward, but never 
entering, the medulla of the organ. Finally, in the fully- 
developed condition of the ovum and the follicle, the size of 
the latter is such that its diameter equals or exceeds the 
thickness of the ovarian cortex, its position being usually 
indicated by a small prominence on the surface of the ovary. 

MATURATION OF THE OVUM. 

By matnration or ripening is meant that series of changes 
by which the ovum is prepared for fertilization and without 
which the hitter process is impossible. In nearly all mam- 
mals, including man, it occurs while the ovum is still in the 
Graafian follicle ; in some other groups it takes place after 
the egg has reached the oviduct. 

Briefly, maturation may be said to consist in the extrusion 
from the cell of a part of its nucleus and of a small part of 
its protoplasm. The nucleus undergoes changes practically 
identical with those of ordinaiy cell-division. First, the 
nuclear membrane disappears, the nucleolus disintegrates, 
the nuclear juice becomes mingled with the surrounding pro- 
toplasm, and the nucleus moves toward the periphery of the 
^g (Fig. 10). There is now formed a nuclear spindle fronr 
the achromatin substance of the nucleus. The long axis o 
the spindle lies parallel with one of the radii, and its dirp 
tion is determined by the position of the pole-corpuscJ 
Each pole-corpuscle is surrounded by a radiation^ the att 
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tion-sphere or polar striation. These bodies exercise a con- 
trolling influeDce upon the nuclear spindle, so that it assumes 

fW. 10.— PortlOQB of Ihp ova of Atlcriai glaeialli, showing changn affoctinit Ihe 
gcnnliull Tvalcle at the bvjtlnnltiK nt mnlurBilon (Hertvrig): a, Kerminal Teskle; 
b,|cnDltul spot. compoBed of outli'ln und paraauckln {t); d. nuclear epindle In 
l«ac«B ot fomailon. 

such a position that each of its apice.s points toward a pole- 
corpuscle. 

The outer extremity of the nuclear spiudle, being made to 
protrude by the continued iinwanl movement of the nucleus, 
becomes detached (Fig. 11); this separated piece, with the 




Flo. 11.— ForinBlkiii of tlie pular bortlrs Id tie tim of Ailenat giaaaia |HBit- 
Wlg): in, polar aplcdle; fb', Aral polar bod>- : pi", ncronil polar body; n, nucleui 
returning to condition of reet. 

small surrounding constricted-ofT mass of protoplasm, con- 
stitutes the first polar body. From the remnant of the first 
nuclear spindle, a .second one is formed, which in the same 
manner extrudes the second polar body. What reranius of 
the nucleus now moves toward the center of the cell and 
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temporarily disappears, soon to reappear as the fenuls p 
nacleus. The position of the female pronucleus is neitriy or ' 
aljsiihiloly central. The protoplasm surrounding it is radially 
striated (Fig. 12), Tlie egg is now ready for fertilieation. 
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reptiles and birds 
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The fate of the polar bodies is undetei 
time after their ejctrusion, and pending tl 
ance, they are to be seen lying in the 
The formation of polar globules is probi 
throughout the animal world, although 
and in some fishes and amphibians the; 

demonstrated. It is of interest to nift that in some par- 
thenogenstic eggs — that is, '^gs capable of developing into a . 
new individual without contact with the male element, as for 
example the summer eggs of plant lit* and of some other 
arthropods — only one polar globule is said to be formed. 

One of the theories advanced to explain the phenomenon 
of maturation is that of Minot. This theory assumes that 
the ovum is at tirst hermaphroditic — that is, that it contains 
both male and female elements, and that the extrusion of the 
polar bodies is a casting-ofif of the male element. Hertwig 
and others believe, however, that the formation of the polar 
bodies is an abortive cell-division, the bodies being aborted 
cells. 

OVULATION. 




Extrusion of the ovum fmra the Graafian follicle, or ovu- 
lation, occurs ujion the rompleti'ni nf the pr(}rcss of nialura- 
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tioa. As the time for this event approaches, the wall of the 
fuH!cle at the site of the stigma becomes much thinned and 
finally ruptures, and the ovum passes into the Fallopian 
tube (Fig. 13). If, instead of passing into the tube, the 




ovum maintiiias its connection with the ovary and is fertil- 
ized there, it may undergo [Kirtial development m situ; such 
a condition constitutes one variety of extxa-uterine pregnancr 
or ectopic gestation. 

Ova are extruded from the ovary, one or more at a time, 
at r^ular, generally monthly, intervals, from puberty to the 
climacteric. 

After the escape of the ovum, hemorrhage into the empty 
follicle occurs, the resulting clot being the corpiis hemorrhagi- 
onm. According to Leopold, if rupture occurs during the 
intermenstrual period instead of at the time of menstruation, 
hemorrhage will be small or entirely wanting, the resulting 
corpus luteum being called then atypical, to distinguish it 
from the ttfpical body formed in the ordinary manner. 

The blood-clot is soon permeated by cells originating in 
the wall of the follicle, some of which are fusiform con- 
nective-tissue cells, while others are large cells containing- 
the yellow pigment, lut^iiu. Meanwhile, the follicular wall 
thickens and becitmes plicated. Later, upon the rep1ai«ment 
of the mass of clot and cells by fibn)UP tissue and the devel- 
opment of capillaries within it, the body assumes a yellowish 
cicatricial appearance and is known as the corpna Inteiim. 
(Fig. 14). The color of the corpus varies considerably in 
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different 6i>ecies of animals, the yellow color being charaotei^ | 
i&tic for tile liunian subject. 

If the ovum is not fortilized, tbe corpus luteuni attains its 
maximum development \n less than a week and b^ns to 
ehrink at about the twelfth day, becoming completely tih- 
sorbed In a few weeks. If fertilization occurs, it continues 
to grow for two or three montliN and acquires a size one- 
fourlh or one-third that of the entire ovarj- ; persisting till 



Fig. H,— OTBrtes (if two Tlrglns. ihowing tanie corpo™ lule«, reiemWlng thoH 

toward the end of gestation, it finally shrinks to a sr 
white scar, which may not totally disappear until a mont 
more after labor. 

It has been customary to designate the larger, better < 
oped yellow botly, the true coipus lutemn, or the i 
luteum of pregnancy, in contradistinction to the so- 
false corpus Inteum of menatmation, and to regard th 
ence of the former as absolute proof of previous im 
tion. This view is no longer tenable, since bodies 
in appearance with true uirpora lutea have been 
virgin ovaries (Hirst). 

The relation of ovulation t() the meuBtniat fu 
been much discussed. Wliile the two processes Uf 
at the same time, they are not to be regarded ( 
i. 4)De upon the other. It has been shown by 
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observations have been confirmed by Leopold^ that as a rule 
Graafian follicles burst during menstruation^ though they may 
rupture before or after this event It has also been shown 
that in the rabbit sexual intercourse hastens the rupture of 
the follicle. 

MENSTRUATION. 

Menstruation, or the catamenial flow, is considered here 
because of its natural association with the function of ovu- 
lation. 

Menstmation may be defined as a i)eriodical discharge of 
blooil and disintegrated epithelium and other structural ele- 
ments of the mucous membrane of the lx)dy of the uterus, 
mixed with mucus from the uterine glands and the vagina, 
occurring normally about every twenty-eigjit days, and 
associated with more or less disturbance of the entire sexual 
system. The inauguration of the function marks the age of 
puberty, the beginning of the sexual life of woman ; its ces- 
sation, known as the climacteric, or menopause, indicates the 
termination of the child-bearing period. 

In temperate climates, the menses are established between 
the thirteenth and seventeenth years and cease l>etween the 
ages of forty and fifty. In the tropics, they appear some- 
what earlier ; in cold climates, somewhat later. The function 
is susj>ended during pregnancy and, usually, during lactation. 

The quantity of the discharge, though subject to consider- 
able variation, is usually from 4 to 6 fluidounces. The blood 
is venous in character, and, owing to admixture of alka- 
line mucus, does not coagulate unless present in excessive 
amount. 

The menstrual cycle of twenty-eight days may be di- 
vided into four periods : the constmctiTe stage, comprising 
from five to seven days ; the destructive stage, lasting alx>ut 
five days ; the stage of repair, covering a period of three or 
four days ; and the stage of quiescence, including the remain- 
ing twelve to fourteen days. 

In the constructive stage, which occupies the six to seven 
days preceding the discharge, the mucous membrane of the 
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uterus becomes markedly swollen, the normal thickness of 
from 1 to 2 millimeters being more than doubled. The ute- 
rine glands become wider and longer and also more branched. 
The blood-vessels, especially the capillaries and veins, un- 
dergo great increase in size, and the connective-tissue celU 
are increased in number. The thickened mucous membrane 
resulting from these alterations is the decidua menstmalis. 
The term " constructive '* is applie<l to this series of changes 
for the reason that their apparent purj>()se is the preparation 
of the womb for the reception of a fertilized ovum. 

The destmctive stage, corresponding to menstruation 
proper, lasts from three to five days. It consists essentially 
in the partial destruction of the hypertrophied mucous mem- 
brane, the menstmal decidua, accompanied by hemorrhage. 
The initial step is the infiltration of blood into the subepi- 
thelial tissue ; according to Overlach, this takes place, not by 
rupture of capillaries, but by diapedesis. In a day or two 
the superficial layers of the mucous membrane disintegrate 
and are cast off, those portions of tiie enlarged uterine glands 
included within this stratum sharing the same fat(?. By the 
loss of the epithelium and the subjacent strata, the bloo<? 
vessels are exposed. Subseijuently these rupture, giving r 
to the characteristic hemorrhage. Fatty degenonition acc< 
panies the death of the cast-off tissue, and was tiiough* 
Kundrat and Engelman to be the direct cause of the hf 
rhage ; it is probable, however, tliat fatty degeneration 
present until after the flow of blood lias begun.* 

The stage of repair, comprising the three or four da;* 
lowing the j)eriod of the discharge, witnesses the ret 
the uterine mucosa to its usual condition. With the 
subsidence of the swelling, the superficial layers, wl 
lost, are replaced by the growth of n(»w tissue 
deei>er layers, which persisted. The formation o 
epithelium begins at the mouths of the uterine gl' 

The stage of quiescence extends from the clos* 

* MarshaU'a "Vertebrate Embryology;" Minot's *' H 
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ceding stage to the end of tbe cycle, or, in other words, to 
the beginning of the next constructive stage. 

Other parts of the sexual apparatus, including the ovaries, 
the Fallopian tubes, and the mammary glands, show more or 
less sympathy with the uterus during menstruation, the 
changes in them consisting chiefly in swelling, hyperemia, 
and tenderness. 

The Relation of Menstruation to Ovulation and 

Conception. — The function of menstruation and the ex- 
trusion of ova from the Graafian follicles, though closely 
associated, are not dependent upon each other. Ovulation 
occurs perhaps most commonly during the time of the men- 
strual discharge, but it may take place before or after this 
event. While it is now generally accepted that the two 
functions are not mutually interdependent in the sense that 
one is a necessary part of the other, yet, since the turgescence 
incident to sexual intercourse has been shown to hasten the 
rupture of the follicles, it seems reasonable to suppose that 
the ovarian hyperemia attendant upon the menstrual epoch 
would exert a like influence. 

Since the function of menstruation is normally suspended 
during pregnancy, the relation between menstruation and 
ovulation, and of these to conce|>tion, are of practical inter- 
est in determining the date of labor. The duration of preg- 
nancy is from 270 to 280 days, nine calendar, or ten lunar, 
months, and it dates from the moment of conception. But 
since the ovum retains its vitality for about a week after its 
extrusion from the Graafian follicle, and since the activity 
of the spermatozoa may continue for several weeks after their 
entrance into the female genital tract, it is impossible to fix 
accurately the date of conception even in those cases in which 
there has been but one coitus. It is now believed bv most 
embryologists that the ovum is fertilizable only while it is 
in the Fallopian tube, a j>eri(xl probably of about seven days ; 
if this be true, it follows that conception must occur within 
a week after ovulation, although it may be effected as late as 
two weeks after coitus. Since the ovum is usually discharged 
from the ovary during the menstrual i)eriod, it is evident that 
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the time most favorable for conception is the week following 
menstruation ; and inasmuch as the latter function is sus- 
pended during pregnancy^ it is obvious that the most reliable 
basis for calculating the probable date of conception is the 
last menstruation. The method usually employed is to count 
nine months and seven days from the first day of the last 
menstruation. After what has been said it is perhaps need- 
less to remind the reader that this can furnish only approxi- 
mately the date of labor. In a case where conception oc- 
curred a few days prior to the first omitted period, there 
would be a discrepancy of several weeks between the actual, 
and the calculated, termination of pregnancy. 

FERTILIZATION. 

Fertilization is that peculiar union of spermatozoon and 
egg-coll which initiates the phenomena rc»sulting in the forma- 
tion of a new individual. As implied in a precetling section, 
impregnation is jwssible in the higher organisms only after 
the completion of maturation, while in others, as for example 
the maw- worm of the horse, spermatozoa enter the ovum 
before the extrusion of the polar bodies, and thus one procea 
overlaps the other. 

The more primitive metliod of fertilizjition is that effecte 
without copulation of the parent organisms, or external f 
tilization; this occurs in osseous fislies, in some amph 
ians, and in many invertebrates. In these groups, ^ 
ova and semen are discharged into tlie water and 
meet. In frogs, however, there is a quasi -eopulatio 
male embracing the female during the brooiling seas 
depositing semen upon the eggs as they are evacuat 
all higher animals, internal fertilization occurs, thi 
effected by sexual congreas. 

In man, fertilization normally occurs in the outer 
the Fallopian tube. The semen having been de 
the vagina, or the uterus, or even upon the vulvr 
matazoa make their way into the oviduct bv t' 
motion of their tails. Meeting the ovum, they sv 
it, and some of them pass through the zona j 
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the perivitellino space. It is believed hy many investigators 
that the canals of the zona constitute the avenues of entrance 
for the spermatozita. In the rather firm eg^-envetopea of 
insects and some fishes, tlicre is a small it]>erture, the mlcro- 
pyle, through whicli the spermatozoa gain entrance. 

While many spermatozoa may pass tiiroiigli the zona, rmiy 
onr — that ime whose head first impinges against the vitelline 
membrane— enters the ovnni. Wiiy others do not or cannot 
enter is unknown ; j>i>ssibly because the egg's jK>wer of attrac- 
tion is annulled (Minot). Folyspennia, or the iK'netration of 
several spermatozoa, may occur, however, if the ovum is 
unhealthy; and in some htwer tyj^s it is said to he normal. 

As the spermatozoon is alK)nt to strike tlie vitelline mem- 
brane, the protoplasm swells nji at the point of contact into 
the receptiva promiamice (Fig. 15). Through this the sper- 
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matozoon Ixirori itrt way, losing its tail in the process, and 
thus bccomiufj the male pronuclenB, Tlie female i)n>nticlcus, it 
will be remembere*!, lies in or near the center of the egg. The 
two pronuclei now appniaeli eaeh other, and, ujwn meeting, 
fuse and temporarily disiip|>oar. Soon they reappear, and 
now constitute the segmentaUon-nndeus or cleavage-nucleiis 
(Fig. 16). 

Since the spermatozoon is the metamorphosed nucleus of a 
(m11 formed in the testicle, and since the female pronucleus is 
a part of the nucleus of the ovtnn, it follow.>i that the seg- 




maternal characteristica, it has been made the hasi 
theiiry of heredity formulateil hy Hertwig anJ indepemler 
advanced by Straabiii^T. 

Artificial fertilization, or tiic bringing about of the deveU 
meiit of the ovum by artiScial (chemical) means, without 
partici|«itiou of the male clement, has been recently ex- 
mentally effected with the eggs of the Bea-urebin "by ^ 
of Chicago. These oggs, when first immersed for abor 
hours in a mixture of sea-water and a weak solut 
magnesium chlorid, and then transferred to norn 
water, were found to undergo complete and normal 
ment, producing perfect larva;. This artificially 
development differed from that of the ordinary mi 
in being slower. 



CHAPTER II. 

THE SEGMENTATION OF THE OVUM AND FORMA- 
TION OF THE BLASTODERMIC VESICLE. 

While the fertilized ovum is passing along the Fallopian 
tube to the uterus — a journey believed to require seven or 
eight days in man * — it undergoes repeated segmentation, or 
cleavage, becoming a more or less globular mass of cells or 
blastomeres. This mass is the mulberry-mass or momla. 

The details of the process of division correspond closely 
to those of ordinary indirect cell-division, or karvokinesis. 
The first indication of approaching cleavage is seen in the 
ftegmentation-nucleus, just as, in other cells, the sequence of 
changes leading to cell-division is inaugurated in the nucleus. 

The achromatin-substance of the segmentation-nucleus 
forms a nuclear spindle in the ordinary manner, with a cen- 
trosome or pole-corpuscle at each apex. The centrosome 
is surrounded by the polar striation or attraction-sphere. 
After the usual preliminary changes, the chromatin-substance 
assumes the form of V-shaped loops arranged around the 
equator of the spindle in such a manner as to produce the 
wreath or aster. Each chromatin loop splits longitudinally, 
and the resulting halves of each move to opposite poles of 
the spindle, where they become grouped about the pole-cor- 
puscle to constitute the daughter-wreaths of the new nuclei. 
The vitellus now begins to divide, the first step being the 
formation of an encircling groove on its surface ; this groove 
deepens more and more until finally division of the cell is 
complete. In like manner, each daughter-cell divides into 
two, and each of tiiese two into other two, the cell-division 
continuing until there results the mass of cells, or morula, 
already mentioned (Plate I, Fig. 1). 

These processes have been followed the most accurately in 

* Recent investigations by Peters, of Vienna, upon an ovum of three or 
four davs, alreadv ernbe<l(Ie<l in tlie uterine mucosa, would indicate that less 
time than this is occupied in traversing the oviduct. 

41 



42 TEXTBOOK OF EMBRYOLOGY. 

the egg of the sea-urchin ; in reptilian eggs, as well as in 
those of the rabbit and other mammals, they have been 
studied also and have been found to agree with the former 
in all essential respects. Certain modifications dependent 
upon the relations and proportions of formative-yolk and 
food-yolk will be pointed out hereafter. 

While no one has seen the segmentation of the human 
ovum, there is no reason to suppose that it differs materially 
from that of other mammals. 

An interesting and probably significant modification of the 
method of cleavage as just described has been observed by 
Van Beueden in the ova of the maw- worm of the horse. In 
this case male and female pronuclei do not fuse but merely 
lie close together. At the beginning of segmentation, the 
chromatin of each pronucleus assumes the form of a con- 
voluted thread, which divides transversely into two sister- 
threads. In this manner are produced four loops of chro- 
matin, which become grouped around the equator of the 
nuclear spindle just formed, and each one of which then 
splits longitudinally into two threads. In the migration of 
the segments that now ensues, each pair of sistor- threads 
separates, one thread going to one |)(>le of the spindle, one 
to the other. Hence, at each pole, and taking |xirt, there- 
fore, in the formation of each now nucleus, are two male 
and two female threads of chromatin. Thus the male and 
female pronuclei contribute equal shares of chromatin tr 
each daughter-nucleus. 

Very suggestive in this connection is the observation 
Xussbaum, that if the same principle should be foun(^ 
apply to all subsequent cell -division, then every cell of 
adult organism would consist of equal amounts of mat 
from each parent. 

Cleavage-planes. — The direction of the planes of ( 
age is determined by certain laws. The direction 
plane of the first cleavage bears a definite relation 
long axis of the nuclear spindle, whose position, in t 
pends upon the manner of distribution of the egg 
plasm, its direction coinciding with the longest dia 
an oval egg, but lying in any diameter of a sphei 
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The first clea^-age-plane always cuts the axis of the nuclear 
spindle perpendicularly at its center ; the second bisects the 
first, also perpendicularly ; and the third is perpendicular to 
the two others, and passes through the middle of their axis 
of intersection. 

Kinds of Cleavage. — The mode of cleavage of the 
ovum is influenced by the relation of the protoplasm and 
the deutoplasm to each other, and by their relative propor- 
tions. The classification of ova according to their method 
of cleavage is as follows : 

1. Holoblastdc ova are those in which segmentation ia total 
— that is, the entire ovum undergoes division. If the re- 
sulting cells are of equal size, there is said to be 

(a) Total equal cleavage ; to ihis class l>elong the alecithal 
ova of mammals (Fig. 4) and of amphiosus, to the segmen- 
tation of which the al>ove description may l)c said to apply. 
Strictly speaking, the cells are not of exactly equal size, 
those in the region of the vegetative iwle of the e^ being 
slightly larger than those at the animal pole. Contrasted 
with this is 

(b) The total tm«qiial cleaTage of amphibian ova, whose 
segments are of unequal size (Fig. 17). These eggs being 




PiO. IT.—Oliicram r.r the (tlvision of Ihe fro^'n egg : A. sUge of the flnt dlvli 
B. Mgc or tUe second dlTlsEnn. The Ihur wiciiiciita of the lerond Huge (ifdlTlaloD 
are beginning to be divMvd by nn eiiualniini rnrron Into ciEht legmFnt!! : p, pig- 
mented inrftce of the c«n( Ht the ■nlmul pole: jir. the part of Ihc cgR whieh U 
richer In pmtoplasm; rf. the part which la richer In dculoplssm ; tp, nucle«r 
iplndte (Hcrtwig>. 

telolecithal, the lignter protoplasmic animal pole is directed 
upward, while the deutoplasmic vegetative pole ia under- 
neath. The inequality of the resulting segments, as well as 




■lO, 19.— Surtipe view c^f 111 
Cmle) : a, border of ibe genn-dli 
large peripheral aegmenl. 

Upper to tlie lower surface of the germ-dUk, dividing it i 
two eqiml parts. Another groove, crossing the first 
right angle, bisects each of the two segments, and eftf 
these is in turn bisected by it radial furrow, 90 th 
gcnn-iJisk now consists of eight sector-shaped cells, 
furrows, appearing near the center of the disk, cut 
apices of the sectors, adding small central segments, 
division continues until the germ-disk consists of a f 
mass of cells, several strata thick, lying on the surfa 
yolk. 

The second method of nieroblastic aegmentatior 
(b) Peripheral cleaTige, which occurs in the cf 
ova of arthropods (Fig. 6). In these e^a, it wi' 
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the direction of the cleavage planes, may be appreciated by 
reference to Fig, 17, which represents a frt^s ovnm, 

2. Ueroblastic ov& are those in which the segmentation is 
partial, division being limited to the formative yolk, or < 
protoplasm. 

(a) Partial dlscoidal cleavage is the varie^ of meroblastio 
cleavage that occurs in those telolecithal ova lia\'ing a germ- 
disk (Fig. 7), to which latter the segmentation is limited. 
This method of st^raeiitation is seen in the eggs of binis, 
reptiles, and iishes. In the egg of the bird, which may be 
taken as a typical example, the germ-disk, in whatever posi- 
tion the egg may be placed, floats on the top of the yolk. 
The iK'ginning of the first s^mentation is indicated by a 
furrow in the center of the surface of the germ-disk (Fig. 
18). This furrow dee[)ons, cutting vertically from the 




1. 2. 3. IiinurnniK lllu^lraliiii: the ne 
■AerVBii Ik-iiedfiil, 4. IiiHgrutii ilJuslrniiii|{ tliu rcliLtioii 
denn.thi' aiicmi'ntation-cavltjr or llils Btagii vurnsiwiuliiii 

IBODDl'ti. 
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bered, the nutritive-yolk is centrally placed and is surrounded 
by the forraative-yolk. The segmentation-nucleus lies in the 
center of the nutritive-yolk, and in this position undergoes 
division and sulxli vision. The new nuclei now migrate into 
the peripherally placed formative-yolk, when the latter di- 
vides into as many parts as there are nuclei, and thus the 
central unsegmented nutritive-yolk becomes enclosed in a 
sac composed of small cells. 

THE STAGE OF THE BLASTULA. 

Very soon there appears in the interior of the morula or 
mulberry mass referred to above, a little fissure-like spac«, 
called the cleavage-cayity or segmentation-cavity. When 
this space has increased somewhat in size, the germ is said 
to have reacheii the blastula stage, or the stage of the blasto- 
dermic vesicle (Plate I., Fig. 2). 

What may perhaps be regarded as the primitive form of 
the blastula is that of the lancelet, or amphioxus lanceolatus, 
one of the lowest vertebrat€\s, a fish-like animal several inches 
in length inhabiting the Mediterranean Sea. The blastula in 
this case is a simple sac composed of cells which surround 
the cleavage-cavity as a single layer (Fig. 21, ^1). The cells 
in the region of the vegetative pole are larger and more tur- 
bid, because more deutoplasmic, than those at the animal 
pole, as shown in the same figure. 

The mammalian blastula is a hollow sphere, whose wall is 
a layer of cells, the outer cell-mass, and into whose central 
space, the cleavage-cavity, projects an irregular mass of gran- 
ular cells constituting the inner cell-mass (Plate I., Fig. 2). 
The cleavage-cavity contains an albuminous fluid. It is 
during this stage that the germ, in the case of mammals, 
reaches the uterus. As a pecuiliarity of the mammalian 
ovum, the blastula now increases greatly in size, the cleav- 
age-cavity becoming dilated. The zona pellucida, which 
still sui*rounds the ovum, is by this time quite attenuated, 
and is called the prochorion. The outer cell-mass, likewise 
much thinned-out, constitutes Eauber's layer (Plate I., Fig. 
4). The significiince of the cells of Rauber's layer is un- 
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koown. After a time tliey disappear, prolxibly by disinte- 
gration (KoUilcer). The form of the.blaetula of ampliihiaiis 
and of the Saiiropsida (birds and reptiles) is greatly modified 
by the relatively abundaut iiutritive yolk with which their 
ova are endowed. An 

©amphibian ovum in the 
blu^tula stage is shou-n 
in Fig. 19. It will be 
eeen that its walls con- 
sist of Eevcral layers of 
n cells, and the cleavage- 
cavity i« encniached 
upon to a considerable 
extent by the large and 
abundant cells of the 
vegetative pole, which 
na. IS.— Biaatnlsof Mwn unilaiiu:/A, teg- are especially rich in 

iiieiitoUoii-c«vlly; n. mtzgiOMi zone; <U. wlL. ,1,, ,,,„„]„„„ !„ ,l,p 

uriih sbundJHii yolk (Hprtwig). (iLUtopiasm. in ine 

eggs of birds and rejH 
tiles — that is, in the lelotecithal eggs that undergo partial 
discoidal segmentation — tlie blastula form is so markedly 
modifiefl as to be scarcely recognizable. In this case, a» 
shown in Fig. 20, the cleavage-cavity is a narrow fissure 




whotio riHif is the germ-disk, and whose floor is the 
menteil nutritive-yolk, which latter corresponds ther 
the large vegetative cells forming the floor of the ai 
egg shown iu Fig, 19, 



CHAPTER III. 

THE GERM-LAYERS AND THE PRIMITIVE STREAk. 

THE STAGE OF THE GASTRULA. 

By the conversion of the one-layered germ, the blastula, 
into the germ with two layers, the gastrula stage is attained. 
The gastrula, in its typical form, consists of two layers of 
cells surrounding a central cavity, which latter communicates 
with the exterior by means of a small aperture, the blasto- 
pore. The cavity is the archenteron or ccelenteron or intes- 
tino-body cavity. The outer layer of cells is the ectoderm 
or epiblast; the inncT layer is the entoderm or hypoblast. 
This form of the germ is seen in holoblastic invertebrate, as 
well as in some vertebrate ova, and is typically exemplified 
in the development of the amphioxus. The blast ula of this 
animal is a simple sac, the wall of which is a single layer of 
epithelial cells surrounding the cleavage-cavity (Fig. 21, ^1). 
By a pushing-in of the vegetative cells, the cleavage-cavity 
is encroached upon and finally is completely obliterated, being 
replaced by the archenteron (Fig. 21, C), From this it is 
obvious that gastrulation occurs here by a simple process of 
invagination. In ova with a large amount of f(X)d-yolk, as 
in those of frogs, birds, and fishes, the process is modified 
and complicated by this condition. 

According to the so-called gastrula theory of Haeckel, all 
metazoa — that is, multicellular animals as distinguished from 
protozoa, or unicellular organisms — pass through a typical 
gastrula stage in the course of their development. 

It has l^een held as a general principle that the higher 
animals during their development repeat, to a greater or less 
extent, the embryonic or the larval forms of the lower mem- 
bers of the group to which they belong. Huxley has pointed 
out the morphological identity of the adult form of the coelen- 
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riB. 21.— Gulrulntion ot ■rophloxiu Imodlfled from UatEfhek). J. BlaitaU: 
n:. anlmkl celli ; i=, vCEClallvi! cvlU ; /)!. clearage-c&Ttiy. B. BvglnniDK invog 
Hon lit veeuWIlve pate, C. Gulnila itagc, the liiVBginii,tion of the vegrUtlvc t 
being compEete: at. uuler gcrm-lnyer; it. iaaur germ-layer; ud. archculemn 
blatloporc. 

with mammalian (iuvolopment, but call the germ a blast 
dermic vesicle even after it has become two-la_vere<l. 

The manunalian "gaatnila" (Plate I., Fi^. 4) is a vesi 
whose wall, for the most part, is a single layer of flatter 
cells, known as Raiibt-r's layer ; this layer has l>een refe 
to above as the utteniiatcd outer cell-mass of the bla' 
Throughout a limited area, the germ-wall is compf)se<I 
other layers of cellfi in addition to the layer of Raitbe' 
inner of these layers, compose*! of flattenei! cells, is t 
derm; the onter, lying next to Ranber's layer, and cf 
of cubical cells, is the ectoderm. At a later stage bot 
take part in the formation of the entire wall of the ■ 
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The ectoderm and the eotoderni are produced from the 
inner cell-plate of the blastula. This mass gradually flattens, 
becoming at first leD»-shaped ; spreading out j>eripherally on 
the inner surface ()f Rauber's layer, it is at length differen- 
tiated into the two primary germ-tuyors, the ectoderm and 
the entoderm. 

The cavity of the vesicle is the archenteron, or cmlonteron. 
As previously stato<l, the process of gastrulation and the form 
of the gastrula are motlifietl in the case of ova possessing a 
large proportion of doiitoplasni. In Ihe case of the frog, 
for «xam)>lo, as well as in other aniphibian:^, tlie blastula has 
the form shown in Fig. 19, By an invagination of the blas- 
tula-wall at the pljice of transition from the animal cells to 
the v^etativc cells, all of the latter and a part of the former 
are carried into the interior of the blastnla to form the lining 
of the archenteron (Fig. 22). Comjiare this with the amphi* 



o}[us gn.atrula as shown in Fig. 21. In tlic binl's <^g, the 
form of wlio^ ga>itnila is shown in Fig. 2.3, an infolding 
or invagination occurs, as in the frog's egg, at the place of 
transition from the animal («Ils to the vegetative cells, or, in 
other words, at the margin of the gernwlisk. The gastnila 
thus formed is represented in Fig. 23. Its archenteron is a 
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narrow fissure, and its blaaiopore, sitiuted at the posterior 
margin of the germ-disk, is exceedingly small. 

The Embryonal Area. — Upon ihfe surface of the germ 
at the beginning of gaRtrulation — that is, at aWut the Irfth 
day of development in the case of the rabbit's gprni — there is 




I.— LnnclludlnHl leFllon lhmiii:li I 

, anlcrlar. AI, posterior Up of Vbn bliuioiun icmcciilic eroovei. 

a round whitish spfit, the embryonal area. Its position corre- 
sponds to that formerly held by the inner cell-ptate of the 
biastula, as shown in Plate I., Fig. 2. It is only in this 
region that the wall of the vesicle is, at thin partieukr stage, 
composed of more than a single layer of cells, the ectoderm 
and the entoderm not extending much, if at all, beyond its 
periphery. 

The embryonal area, soon becoming oval (Fig. '2\) and, 
later, pear-shajied, exhibits, at its posterior margin, a tmns- 




Tta. 24.— filululA of ibe reliliil aeveu days old will 
bnnea. Lcngtb 4,1 mm. lafWr KSIUker). MacnlOed ten dlamvten. 
rrom ftbore, In B from ihe ildo : ag, eta.totjiai.ic (pal (area embrynnalii) -. 
np to which Ihv blaslula Ip (co-laycretl. 

verse thickening called the tenninal ridge, which is 
to be the anterior lip of the blastopore. It may Ije ■ 
to say that the terms anterior and posterior are 
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reference to the future body, the narrow end uf thv area em- 
bryonalis corresponding to the posterior pole or raiubl ex- 
tremity of the fetus. 

In the chick's egg, the embryonic area (Fig, 25i, or em- 
br^-onic shield, ap]M>ars while the ^g is yet in the ovitluet. 
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Fro. as,— Two giTui-'Usks of han't egg In the firsl hdun of IncuUtfivti lattvi 
Solleii: (V.»v> iilAca; h/.ntKa pvlluciiU; f, urctcutil : ik, I'lVH-viit-k initio m, eiu- 
blTonlG ahli'lil : yr. piimltivt' gruovc. 

Its embryonic crescent c<)rreri]>onds to the ninnialitin tcnniiiul 
ridge. Segmentation l>eing limited to the germ-ili^k in the 
chick's egg, ttic resulting blastoderm, whieti is not a vesiele, 
but a flattened mass (Fig, 2^) comjKX'iecl of several layers of 
cells, rests by its margin upon the i»artiiilly liqiiefiod yolk. 
The central region of the blastodcnn, which overlies the 
liquefie<l [xtrtion of the yolk, from its translucence is known 
as the area pellncida (Fig. 2.5), while the dark opaque rim. 
resting upon the yolk is the area opaca. The inner rim of 
the area opaca is the area vaaculosa. These n-gioiis are 
obser^'ed also in the mammalian egg. 

/( w in the rmhryonal firm nUini- that the body nf the 
embrj'o is developed ; the other ]»arts iif the germ ]inidi]ee 
extra-embr\'onie structures, such as the amnion, the yolk* 
sac. ete. 

Partial longitudinal division of the embryonic area dur- 
ing development results in the production of simic form of 
donUa aumrtar ; its complete cleavage give^ rise to homolofoui 
or lumogeneoui twins, which arc twins of the same s<-x and 
of almost absolutely identical structure. Ordinary twins an- 
developed from neparate ova, which may or may nut have 
oome from the same ovary. 

The PrimltiTe Streak.— The primitiTa atraak is a linear 




ance is not known, but is probably about the twelfti- 
thirteenth day. In the wise of Hucb a pistrula as that o' 
amphioxUB (Fig. 21), the lips of the bliistojrore app^oac^ 
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other and fuse in a line corresponding to the median longi- 
tudinal axis of the future eniliryonio area, tlie fusion or con- 
oresceuce beginniog at the anterior extremity of this line 
and proceeding toward its caudal end. The surface-marking 
produced by the apixjsition and partial union of the blasto- 
poric lijts was called the primitive streak, and Its me<lian 
furrow was known as the primitive groove, long before their 
true aignificanw was appreciated. Since the edge of the 
blastopore marks ihu place of transitioo from the entoderm 
to the ectoderm (Fig. 21), the two germ-layers after the 




Fig. 28.— Trai 



union of the edges of this opening are in intimate a^isoeiation 
under the primitive streak, as shown in Fig. 28. 

Morphologically the primitive streak of the higher vorte- 
bmtes is regnrde<l as the fused and extended blastopore of 
lower types. The terminal ridge of the mammalian embry- 
onic area, as well as the crescent of the embryonic shield of 
avian and reptilian eggs, represents, as stated alxive, the 
anterior lip of the blastopore. Since the embryonal area is 
increasing in circumference while the lips of the blastopore 
are undergoing union or concrescence, the transversely di- 
rected terminal ridge, which lies at the posterior edge of the 
embryonal area, and which remains a fixed point, becomes a 
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longitudinal marking, and this marking or primitive streak 
comes to lie, therefore, behind the site of the blastopore. 
Reference to Duval's diagram (Fig. 29) will make this clear. 





0^ 



Fio. 29.^Dlagram elucidating the formation of the primitive groove (after 
Duval). The increasing size of the germ-disk in the course of tlie development is 
Indicated by dotted circular lines. The heavy lines represent the crescentic 
groove and the primitive groove which arises from it by the Aislon of the edges 
of the crescent. 

After the development of the primitive streak, there is 
seen, in the median line of the embryonal area, anterior to 
the streak, another marking, the head-process of the primitive 
sti*eak. This is almost identical with the primitive axis of 
Minot, which that investigator describes as a meilian band of 
cells connected with the entoderm and extending fonjrard 
from the blastopore. 

Hansen's node is an accumulation of cells on the under 
surface of the ectoderm at the anterior end of the primitive 
streak. It is important because of its relation to the neuren- 
teric canal, which will be descrilxMl later. 

Although the primitive streak and blastopore play no part 
in the later stapes of development, it is worthy of note that 
the former lies in the line of the longitudinal axis of the 
future body, and that the position of the blastopore marks 
the posterior or caudal end of the embryo. 

The Development of the Mesoderm. — The mesoderm 
or mesoblast is a structure composed of several layers of cells 
lying between the ectoderm and the entoderm. It is earliest 
formed in the vicinity of the front end of the primitive 
streak, the position formerly held by the blastopore. From 
this ix)int it grows laterally and posteriorly and, later, anteri- 
orly as well. If is not, however, until other important 
>lHmges have taken place that it extends completely around 
the germ. 
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The terms gastral mesoderm and peristomal mesoderm 
are used to designate respectively that portion developing 
from the region of the head-process of the primitive streak 
and that portion growing from the region of the blastopore. 

Concerning the origin of the mesoderm much difference of 
opinion prevails. The simpler and more primitive method 
is seen in the amphioxus, in which it develops as two evagina- 
tions from the dorsal wall of the archenteron, one on each 
side of the mid-line. These entodermic folds, containing 
each a cavity, the enterocoBl, grow out laterally between the 
inner and the outer germ-layers. By transverse constriction, 
each fold divides into a series of segments, the somites, which 
lie on either side of the median Hue from the head-end to the 
tail-end of the embryo. Each somite divides into a dorsal 
part, the " protovertebra," and a ventral ^mrt, the lateral 
plate. By the fusion of the lateral plates of each side their 
several cavities become one, the body-cavity or coelom. 

The origin of the mid<lle germ-layer in higher vertebrates 
is far less clearly made out. Some investigators hold that it 
arises in essentially the sjime manner as does that of amphi- 
oxus — that is, by evagination or outfolding of tlie entoderm 
bounding the etelenteron ; the investigations, however, of 
Bonnet and of Duval respectively upon sheep and chick 
embryos, point to a different conclusion. Bonnet^s observa- 
tions show that the niesodermic tissue, starting from Hensen's 
node, grows out laterally between the ectoderm and the ento- 
derm, and that at some distance from the median line of the 
embryonic area there is a delamination or spHtting-off of 
cells from the entoderm ; and, further, that these two primi- 
tive areas ^row toward each other and unite to form one 
continuous sheet of mesoderm. It may be said, therefore, 
that the mesoderm originates from a double source^ chiefly 
from the entoderm, hut also from the ecto<lerm, since the cells 
giving rise to the part that grows from the region of Hen- 
sen's node are ectoderm ic. A section of the germ transverse 
to the long axis of the embryonic area (Figs. 27 and 28) 
shows the mesoderm to be a distinct and independent layer, 
sharply defined from the other germ-layers everywhere except 
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in the region of tlie mid-line, in which position the three 
layers are so closely related as to constitute one tstnicture. 
The mesoderm does not extend completely around the genn 
at this stage, being deficient on the side opposite the embry- 
onic area. 

The mesoderm, after its formation, grows bv the prulilera- 
tiou of its own cells, indupcndently of the eot^HJerm and the 
entoderm. 

If the esjmnt^ion of the ntesoderm, as indicated by tlie 
surface ap|>cai-auce of the germ (Fig. 30), be noted, it will ■ 
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be seen that at first it is present throughout a jiear-shaiie 
area whose narrow end is directed forward. Somewhat Int 
two wing-like eximnsions grow forward from the front - 
of this area (Fig. 31) ; these wings, meeting at their 
enclose a space, the proamnion, which is devoid of roesod 
Beferriug again to the transverse section (Fig. 28), 
evident that tlie middle germ-luyer in the vicinity o 
median line is composed of a somewhat irregular m? 
cells, while farther away it constitutes a lamina on ea' 
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As development advances, these two iwrtioiiM become more 
differentiated from each otiier, altliough they are not entirely ' 
separated until much later. The thick mass adjacent to the 
median line ia the vertebial plate, or piimitiTe segment plate, 
or panxi&l mesodem ; the more flattenwl lateral i)ortion is 
the Utenl plate. The mesoclerm at thi^ stage, therefore, 
consists of four [Mirts— the two paraxial nias.ses, lying ont- on 
each side of the median line, and extending from tlio head- 
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end to the tail-end of the enihrvonal area, anil the tw<) latei-al 
plates, sitiiateil upon the outer r^idis of the panixial eoliiinn:;. 

Kach primitive seg^Vnt plate nndciTroc^ transverse division 
into a nnnilKT of irrcjrnlarly onliii'al niasscp, the mesoblastlc 
somites, or primitive segments, oth'ii improperly called the 
protovertchne. The ]»resenoc am! iH)sitiriri of the primitive 
«cgnionts are indicated by transverse |)ar;illel lines on tlie 
surface of the germ, which constitute a series on either side 
of the primitive str("alv and its hcad-prtx'css (Figs. 31 and 
37), The formation of the somites begins at the cephalic end 
of the embryo and progresses tailwanl. 

The lateral plate of the mesoderm splits into two lanicllie. 
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of which the outer or parietal layer is the somatie mesoderm, 
and the inner or visceral layer is the splanchnic mesoderm. 
The somatic mesoderm unites with the ectoderm^ forming the 
somatoplemre ; the splanchnic mesoderm unites with the ento- 
derm, forming the splanchnoifclenre. The fissure-like cavity 
between the somatopleure and the splanchnoplcure is the 
coBlom, or body-cavity» or pleuroperitoneal cavity (Fig. 36). 
The great serous cavities of the adult body — pleural, peri- 
cardial, and peritoneal — ^are later subdivisions of the coe- 
lom. 

The mesodermic cells bounding the body-cavity become 
flattened and endothelioid in character, and constitute the 
mesothelimn ; from them are descended the various endothe- 
lial cells lining the serous cavities of the mature organism. 
According to some authorities, among whom Hertwig may 
be especially mentioned, there develop from the mesothcHum 
at an early stage certain cells whose particular function is 
the formation of the different kinds of connective tissue, 
such as bone, c^artilage, fibrous tissue, etc. ; these elements 
are often distingui.she<l as mesenchymal cells, or collectively, 
as mesenchsrme. According to this classification, the impor- 
tance of which is insisted upon by Minot, the mesenchyme 
includes all the mesodermic tissue except the flattened cells, 
the mesothelium, lining the body-cavity.* 

His claims a double origin for the mesoderm. He main- 
tains that the mcsothelium and the smooth musculature of 
the body are of intra-embryonic origin, and these structures 
h(^ terms the archiblast ; while all other parts of the meso- 
derm, which he designates the parablast, have, in his opinior 
an extra-embryonit; source, being derivo<l possibly from t' 
granulosa cells of the ovary. These views are not sliar 
however, by the majority of embrj'ologists. 

The Derivatives of the Germ-layers. — Fron? 

three primary germ-layers are developed the various t 
and organs of the body by metamorphosc^s which mi 

* Minot holds with (loette that the mesenchymal ccIIh are the 
of the mesothclium. Hertwig maintains that the mcsenchyma ar' 
all the other germ-layers by the emigration of isolated cells. 
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referred to the two fundamental processes of specialization, 
or the adaptation of structure to function, and of unequal 
growth, which latter results in the formation of folds, ridges, 
and constrictions. 

From the ectoderm are produced : — 

The epidermis and its appendages, including the nails, the 
epithelium of the sebaceous and sweat-glands and their invol- 
untary muscles, the hair, and the epithelium of the mammary 
glands. 

The infoldings of the epidermis^ inchiding the epithelium 
of the mouth, with the enamel of the teeth, the epithelium 
of the salivary glands, and the anterior lobe of the pituitary 
body : 

The epithelium of the nasal tract with its glands and com- 
municating cavities : 

The epithelial lining of the external auditory canal, includ- 
ing the outer stratum of the* membnina tympani : 

The- lining of the anus and of the anterior part of the 
urethra : 

The epithelium of the conjunctiva and of the anterior part 
of the cornea, the crystalline lens. 

The spinal cord, the brain with its outgrowths, including 
the optic nerve, the retina, and the posterior lobe of the 
pituitary body. 

The epitheUum of the internal ear. 

From the entoderm are produced : — 

The epithelium of the rcHpiratory tract. 

The epithelium of the digestive tract, from the back part 
of the pharynx to the anus, including its associated glands, 
the liver, and the pancreas. 

The epithelial parts of tlie middle car and of the Eustachian 
tube. 

The epithelium of the thymus and thyroid bodies. 

The epitheliimi of the bladder, and of the first part of the 
male urethra, and of the entire female urethra. 
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From the mesoderm are developed : — 

Ccmneclive tissue in all its modified forma, such as bone, 
dentine, cartilage, lymph, blood, fibrous and areolar tissue. 

Muscular tissue. 

AU endothelial cdls, as of joint-cavities, bursal sacs, 
lymph-sacs, blood-vessels, pericardium and endocardium, 
pleura, and peritoneum. 

The spleen. 

The kidney and the ureter. 

The testicle and its system of excretory ducts. 

The ova^y, the Fallopian tube, the uteruSy and the va{/ina. 

From the foregoing tabulation it may be seen that, gener- 
ally speaking, all epithelial structures originate from either 
the ectoderm or the entoderm, the notable exception to thi:^ 
rule being that tlie epithelium of the sexual glands and their 
ducts, and also that of the kidney and of the ureter, proceed 
from the mesoderm. 



CHAPTER IV. 

THE BEGINNING DIFFERENTIATION OF THE EM- 
BRYO; THE NEURAL CANAL; THE CHORDA 
DORSALIS; THE MESOBLA5TIC SOMITE5. 

The germ, in the stages thus far considered, has the form 
of a hollow sphere or vesicle. It will be seen, in following 
the further history of development, that the layers of cells 
constituting the walls of the vesicle give rise to the alterations 
of external form and to the rudiments of the various organs 
of later stages by processes which, though seemingly com- 
plex, are referable to certain simple fundamental principles. 
It is, namely, in the unequal growth of different parts of the 
germ, in outfoldings and infoldings, and in the furrowing and 
constricting-off of [)arts, as well as in the adaptation of struct- 
ure to function, that we find an explanation of the various 
developmental processes. 

The first indication of the formation of the embrvo and of 
its differentiation from the parts of the germ that are destined 
to produce, wholly or in part, the several extra-embryonic 
structures, is the marking out of the embryonic area by the 
thickening of the cells of the vesicle-wall in a definitely cir- 
cumscribed region. The structures designated as extra-em- 
bryonic are the umbilical vesicle, the amnion, the allantois, and 
the fetal part of the placenta. The development of these and 
the production of the external form of the body of the em- 
bryo will be considered in the next chapter. 

The primitive streak and its head-process have been already 
described. After their appearance the further evolution of 
the embryonic body is closely associated with three funda- 
mentally important processes — namely, the formation of the 
neural canal, of the chorda dorsalis, and of the mesoblastic 
somites. 
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The Neural or Medullary Canal. — The neural canal 
s an elongiiteil tubi; lying Ueneath tlie ectoderm in the me- 
dian longitudinal axis of the embryonic Ixxly, its jwBitinii 
corresponding tu that of the future spinal canal. Its walls 
are comported of cylindrical epithelial cells. 

To follow the development of the mednllarv canal, it is 
leccHsary to utudy the surface appearance of the ovum at the 
stage when the mesoderm is beginning to grow out from the 
r^ion of the head-procesa of the primitive streak. Upon 
the surface of such a germ (Fig. 2f>), one may see the primi- 
tive streak and, in front of it, also in the meilian line of the 
embrj'onic area, the head-process of the primitive streak. The 
ectodermic cells overlying the liead-process thicken so as to 
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become columnar, while those on «ach side of it l)ecome 
tened. This differenliation results in tlio production 
relatively thick axial plate of ectoderm, the mednllary 
which is present at the beginning of the eighth day i 
rabbit's germ, and in the human germ at about the four 
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day. Almost as si>on as the platt; is f'ornictl, its lateral and 
anterior edges begin to curl up, producing the medullair flir- 
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row or groore (Fige. 32, 33, and 34). The curling margins 
of tUe plat« carry with tbem, as they rise, the adjacent 
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thinner ectoderai ; these projections coustituh* the medollaiy 
folds. A Burface view shows the niedullary iokl.- to Ije 
continuous with each other in front, while their posterior 
ends are separated and embmec between them the front end 
of the primitive streak (Fig. ^2). Since the formation of 
these structures is always more advanced in the anterior part 
of the embryonic area, their posterior extremities are not 
sharply defined but fade away (Fig. 32). I'he edges of the 
medullary plate continue to carl until they meet, wh(?n tliey 
unite, forming the mednllaxy or neural canal (F'igs. -io uud 




36). The meiliillary folds and plate continuing to advance 
toward the tail-end of the embryonic area, and the closure 
of the tube taking place from before backward, the entire 
primitive streak is made to disappear by being included within 
the neural tube. 

The medullary folds havinj' grown toward each other a 
short time before the union of the edges of the medullary 
plate now unite over the jtarfially formed neural tnlw. By 
the growth of the medullary folds and their subsequent 
coalescence, the completed neural tube comes to lie under the 
surface ectoderm, ite connection with which is afterward lost. 
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It ie apparent, therefore, that the neural tube is a atrucfire 
whose walla are compoaeil of ecloderniic cells, and that it has 
originated from the ectoderm by what may be called a process 
of infolding. 

The niednllai7 canal is the fundament of the entire adult 
nervoHs system. The first step in the conversion of a struct^ 
ure so simple iuto one s» complex consists in the dilatation of 
the cephalic end of the neural tube and the subsequent division 
of this dilated extremity into three imperfectly separated com- 
partments, named resjiectively the fore-brain, the mid-bram, 
and the hind-brain Teaicles, It is by the multiplication and 
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specialization of the cells composing the walls of the medul- 
lary tube that the cerebrospinal axis is pro<Inced, the brain- 
vesicles givinp rise to the hmin-mass, while the remainder of 
the tube produces the spinal cord. Approximately one-half 
of the length of the tnbe is devoted to the formation of the 
brain, the other half forming the spinal cord. 

The neural tube closes first in the future cervical region, 
the cephalic part of the canal remaining often for a time. 
From the neck region the cinsure of the tube progresses 
towanl either end of the embrvo. 

The Notochord or Chorda Dorsalis. — The notochord 
is a soli.l cylindrical column of (v\U lying parallel with the 
medullary tube, on the dorsal i^ide of the archentcric (^vity. 
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Its position is that of a line passing through the centers of 
the bodies of the future vertebrae. The development of the 
chorda occurs at the same time as that of the neural tulx), 
and in a very similar manner. A thickening of the cells of 
the entoderm in a longitudinal line extending along the 
dorsal aspect of the coelenteron produces the chordal plate. 
Along either edge of the chordal plate a small fold of ento- 
derm projects ventralward. By the curling around of the 
edges of the chordal plate, the latter l^ecomes a solid cylinder 
of cells, which is sejmrated from the entoderm proper by the 
union of the chordal folds, as shown in Figs. 35 and 36. 

The appearance of the notochord is the first indication of 
the axis of the embryo, since around it the permanent spinal 
column is built up. The relative size of the chorda is less 
in the higher vertebrates than in the lower members of this 
group. It is one of the distinctive features of a vertebrated 
animal. 

The chorda is essentially an embryonic stnicture, since it 
gives rise to no adult organ. Its only rc^prescntative in 
postnatal life is the pulpy substance in the centers of the 
intervertebral disks. It is a jK»rmanent structure in one 
vertebrate only, the amphioxus. In this animal it is the 
represt»ntative of the spinal column of higher vcrtebrate.s. 
The notochord affords another illustration of the principle 
that higher organisms repeat, in their development, the 
structure of the lower members of the group to which they 
belong. 

The Neurenteric Canal. — The neurenteric canal ' 
closely associated with the development of tlie medulla 
canal and with the disappe^irance of the primitive groc 
We have learned that the l)lastopore is the orifice thrc 
which the coelenteron opens to the exterior, and also tl: 
birds and mammals the |>osition of the blastoj)ore, as 
cated by the presence of the terminal ridge, corresi)OP 
the anterior end of the primitive streak, and therefore ( 
primitive groove. Refei'cnce to Fig. 32 will show tl 
medullary folds have extended so far posteriorly X\ 
embrace between them the primitive groove ; theref 
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they unite to form tlie neural oanal, tht; primitive streak falls 
within its limits. 

In a gaatrula with an open l>Ia8topore, such as that of the 
amphioxus and those of amphibians, the blastopore ia in- 
cludefl between the medullary folds, and, after the completion 
of the neural canal, it constitutes an avenue of communica- 
tion between the latter and the ccelenteron or primitive enteric 
cavity; this communication is the neurenteric canal. In 
mammals, as also in birds, reptiles, and selachians, classes in 
which the primitive streak is the representative of the closed 
blastopore, a small canal is found at the anterior end of the 
primitive groove, passing through Hensen's node, and open- 
ing into the coelenteron. With the covering in of the primi- 
tive groove by the medullary folds, this canal l>ecomes the 
neurenteric canal. According to Graf Spec, a neurenteric 
canal is found in the human embryo, as well as in the groups 
above mentioned. The canal is a temporary structure and 
gives rise to no organ of the adult. 

The Somites or Primitive Segments. — The meso- 
blastic somiteB are cuboidal masses of cells, arranged in two 
parallel rows, one on each side of the notochorrl, extending 
the entire length of the body of the embryo. They are 
sometimes called pvotovertebrce, hut this term if used at all 
should he restricted to a subdivision of them that appears 
later. 

The development of the somites was incidentally referred 
to in the description of the mesoderm. As mentioned in that 
connection, the paraxial plates of mesoderm, lying as parallel 
longitudinal columns, one on each side of the notochord, 
break up. each one into its corresponding series of primitive 
segments. The division throughout the entire length of the 
body takes place notsimultaneously, but consecutively, begin- 
ning at the head-end. 

The .segmentntion of the axial mesoderm is indicated by 
certain surface markings. The surface of the embryonal 
area, at the stage when the primitive streak and the medul- 
lary pnwjve are present, shows a dark zone on either side of 
the median line, the so-called stem-zone, which marks the 
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limits of the axial plate of raescxlerm (Fig. 37); the {weition 1 
of the lateral platen is indicated by t)ic peripheral lighter j 
p&rietal zone. The Eten-zone soon exhibits, on each eide of < 
the primitive streak and medullary groove, a series of parallel 
transverse lines, producer! by the transverse furrowing of the 
ftxtal platea, preparatory to their division into tlie primitive 
segments. The first pair of somites is formed in the future 
cervical n^ion, before the meilullary folds have united to 
form the neural tube, and when the primitive streak is yet 
present. After the appearance of tiie tirst pair, the forroa- 
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tion of other segments proceeds headward and tailward. In 
selachians the number of head-segments has been shown to 
be nine; in higher vertebrates the number is possibly less. 
The trunk-segments are added in regular order from tic 
neck-region to the tail-end of the embryo. 

The first somites appear <iii tlie eighth day in the rabi 
and between the twentieth and twenty-second hours in 
chick. While they are forming, the neural canal is clo 
the notochord is differentiating from the entoderm, am 
lateral plates of mesoderm are splitting to form the b 
cavity or ctelom. 
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In atruoture the primitive segmenta of lower vertebrates 
consist of columnar cells arranged around a central cavitj- 
(Figs. 34 and 36). The cavity, in the amphioxus, communi- 
cates for a time with the crelenteron, since the segments 
are in this case developed as entodermic evaginations; in 
selachians, the method of furmotiou of whose primitive seg- 
ments may be regarded as the primitive method for ver- 
tebrates, the cavity is for a time in communication with the 
body-cavity, since the segment* in these animals develop as 
if by evagination from the dorsal side of the mesoderm after 
it has separated intii its parietal and visceral layers and before 
it has divided into the asial and lateral plates. The size of 
the cavity is quite variable ; in some cases, as in the Amniotn, 
it ia almost if not entirely obliterated by the encroachment 
of the cells of the walls of the somite. 

Belonging to the somite, though not apparent on the sur- 
face, is a mass of cells wliieh connects, for some time, the 
Homitc proper with the lateral plate (Fig. 36). This is 
known as the intermediate cell-mass or middle plate. Later, 
the separation of these is pSected, the mesial part of the 
somite being the myotome, the inlrrmediate cell-mass 
becoming the nephrotome. Each one of these parts 
contains a cavitj', that of the myotome being called the 
myoctBl. Fnim the inner, mesial side of the myotome, 
embryonic connective-tissue cells (mesenchyme) develop, 
constituting the sclerotome, or skeletogenous tissue. The 
sclerotomes, made up of loosely-ar ranged embryonal con- 
nective tissue, grow around the medullary canal nnd chorda 
dorsalis, spreading out and fusing with each other. Subse- 
quently this tissue produces the vertebral column and its 
associated ligamentous and cartilaginous structures. The 
outer part of the myotome, sometimes called the catis plate, 
gives rise to the corium of the skin of the trunk. The re- 
maining imrt of ilic myotome, that situale<l dorsolateral iy, 
constitutes the muscle-plate or myotome proper ; it gives rise 
to the voluntanr- musculature of the trunk. 

The segmentation of the body of tbe embryo is an embryo- 
logical process of great signiticance. 
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The segmented condition is common to the developmental 
stage of all true vertebrates, and in some invertebrates it 
persists throughout adult life. The development of the 
axial skeleton and of the muscular system, it will be seen 
later, bears an important relation to the process of segmen- 
tation, as does also the evolution of the genito-urinary 
system. 

Upon reflection, it will be seen that in the r^on of the 
embryo corresponding to the future neck and trunk, the 
segmentation affects only the dorsal part of the body, while 
the ventral mesoderm, the so-called lateral plate, which con- 
tains the coelom, remains unsegmented. On the other hand, 
in the head-region, the segmentation is both dorsal and ven- 
tral, the former being in series with the trunk-segments, 
while the latter, affecting the ventral mesoderm, and there- 
fore also, in the corresponding region, the coelom, produces 
the structures known as the visceral arches (see Chapter VII.). 

The relation of the primitive segments to the differentia- 
tion of the skeleton and of the musculature of the trunk, and 
also of the visceral arches to the muscles of the jaws, will be 
considered in subsequent chapters. 



CHAPTER V. 

THE FORMATION OF THE BODV-WALL. OF THE 
INTESTINAL CANAL. AND OF THE FETAL 
MEA1BRANE5. 



The formation of the fetal nwinbraaeB occurs coiacidenlally 
with the pnxhictioii of the external form of the body of the 
embryo. These ohangew mark the tjivision of the hollow 
ephere or vesicle of whieli tlic germ coDE^iHts up to this stage 
into two eesentiaiiy (litt'ercnt parts — namely, the embryonic 
body ami the fetal appendages, the latter of which are destined 
for the nutrition and protection of the growing embryo. 
Although tlie sevenil processes by which are produced the 
different parts of the embryo and its various appendages go 
on Hiraultaneously, it is necessary, for the sake of clearness, 
to consider suceessively the development of each structure 
from its inception to its completion. 

THE FORMATION OF THE BODV-WALL AND OF THE 
INTESTINAL CANAL OF THE giWBRVO. 

In the stages of development thus far considered, the part 
of the ovum that is to become the embryo — that is, the 
embryonic area — is represented by a localized thickening of 
the wall of the blastodermic vesicle, of the shape and relative 
size shown in Fig. 24, which presents a surface view of the 
germ. On each side of the embryonic axis, represented by 
the notochord, is the paraxial mass of mesoderm, which has 
undergone partial segmentation to form the somites ; on the 
distal side of the paraxial column, the mesoderm has split 
into the somatic or parietiil, and the splanchnic or visceral 
Inmellie, between which is the body-(«vity or coelom. The 
cavity of the germ until the occurrence of the transforma- 
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tions about to be described is one undivided compartment 
which is bounded by splanehnopl^ure ; and a ron.<pieuous 
feature of the changes under con.si<lerati(>n is the division of 
this cavity into two by the folding in of the splanchnopleure 
composing its walls. 

The first indicatioii of the foldings that lead to the diifer- 
entiation of the embryo from the fetal apjKMidages is seen 
upon the surface of the germ at a very early stage. A sur- 
face, view of the germ — in the case of the chick on tlie first 
day of incubation — shows, at what becomes the head-end of 
the embryonic area, a transverse crescentic groove, with its 
concavity looking backward (Fig. 32); a similar groove is 
seen at the opposite extremity of the area, and also one at 
each lateral margin. These marginal grooves are depres- 
sions in the somatopleure. The elevated outer edges of tlie 
grooves form folds of somatopleure, designated respectively 
the head-fold, the tail-fold, and the lateral folds of the amnion. 
As these marginal grooves increase in length they meet each 
other and now institute one continuous furrow, which encir- 
cles the embryonic area ; its outer clevattHl edge is the amnion- 
fold. This furrow, whicli mav be called an inverted foh 
composed of splanchnopleure and soinatoj)loure, ])rogressive^ 
deei)ens and at the same time its bottom is carried inwi» 
toward a point vertically under the central region of 
embryonic area ; that is, a fold comj>osed of soniato))! 
and splanc]moj)leure grows from all j)arts of tlie perij 
of the embryonic area toward the point indicated alu 
point which corresiw)nds to the site oi* the future unibi 
By the ingrowth of tlie edges of the fold, the cavity c 
archenteron is more and more constricted (Phite II. 
2 and 3), until finally, witli the comj)letion of the in' 
it becomes divided into two i>arts of unc(pial size ; the 
of these spaces is the gut-tract, or intestinal canal of 
bryo, while the larger is the yolk-sac or umbilic 
The constricted canal through which the gut-tra 
nicates with the yolk-sac is the vitelline duct 
Figs. 4 and 5). 

While the splanchnopleuric layer of the inj 



THE FORMATION OF THE BODY- WALL. 73 

thus outlines and forms the walls of the intestinal canal, the 
somatopleuric layer, which accompanies it, constitutes the 
lateral and ventral body-walls of the embryo. During the 
progress of this infolding of the splanchnopleure and the 
somatopleure, the part of the latter membrane that forms 
the outer wall of the groove becomes lifted up to constitute 
the anmion-fold (Plate II., Fig. 3) ; by the continued upward 
growth of this amnion-fold and the simultaneous settling 
down of the embryo upon the yolk-sac, the margins of the 
fold come to lie above the embryonic body, and, approaching 
each other, they fuse over its back, in this manner enclosing 
it in a cavity. It is obvious that the fold just described is a 
double layer of somatopleure. After the union of its edges, 
the two layers become completely separated, the inner one 
constituting the amnion, while the outer layer is the false 
amnion, or serosa, or chorion (Plate II., Figs. 4-6). 

Since the infolding of the splanchnopleure begins at the 
periphery of the much elongated embryonic area, the result- 
ing gut-tract has the form of a straight tube extending from 
the head-end to the tail-end of the embryo (Plate III.). 
When the caudal and the cephalic portions of the splanchno- 
pleuric fold have advanced but a comparatively short dis- 
tance, in consequence of which the communication between 
the gut-tract and the umbilic^il vesicle is still widely open, 
as shown in Plate II., Fig. 6, there is a cul-de-sac or pocket 
formed of splanchnopleure at the head-end of the embr}'o 
and a similar one at its tail-end ; these recesses are respec- 
tively the foregut and the hindgut, the orifices of which are 
designated the intestinal portals. At this particular stage, 
therefore, the cavity of the gut-tract is incompletely closed 
off from that of the umbilical vesicle. 

It is evident that the gut-tract, being a tubular cavity 
enclosed by splanchnopleure, is lined with entodermal cells ; 
this simple straight tube develops subsequently into the adult' 
intestinal canal and its associated glandular apparatus. 

It has already been pointed out that the layer of somato- 
pleure which is folded under the embryonic area in company 
with the splanchnopleure constitutes the lateral and the ven- 
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tral walls of the body of the embryo. The fold continues 
to advance from each side and from each end, and its 
edges come together and fuse in the median line of the 
ventral surface of the body.^ At one place, however, fusion 
of the edges of the fold does not occur ; this region corre- 
sponds to the umbilicus and is often designated the dermal 
navel. Here the part of the somatopleure that forms the 
body-wall is continuous with that part of this membrane 
which constitutes the amnion (Plate II., Fig. 6). By the 
infolding of the somatopleure the body-cavity or pleuro- 
peritoneal space becomes divided into an intra-embryonic 
and an extra-embryonic portion, the two communicating for a 
time through the small annular space that encircles the 
proximal end of the vitelline duct; this is represented in the 
accompanying figures. 

By this simple process of folding, associated with the 
unequal growth of different parts, the leaf-like fundament 
constituted by the embryonic area is differentiated into the 
body of the embryo ; the ventral portion of this body now 
consists of two tubes, one w^ithin the other, of which the 
smaller, bounded by the splanchnopleure, is the intestinal 
canal, and the larger, enclosed by the somatopleure, is the 
body-cavity, the walls of which are the walls of the body of the 
embryo. In the dorsal region is a third tube, the medullary 
canal ; between it and the dorsal wall of the intestine is the 
notochord, on each side of which are the somites (Fig. 35). 
The further evolution of this body and the differentiation of 
its various organs and systems will be described in subse- 
quent sections. 

THE AMNION. 

The amnion is a membranous fluid-filled sac, which sur- 
rounds the fetus of certain groups of vertebrate animals 
during a part of their period of development. In man, it is 

1 Failure of union of the somatopleuric folds in the median line of the 
thorax produces the deformity known as cleft sternum ; while lack of fusion 
of the lateral halves of the abdominal wall results in an extra-abdominal 
position of the intestines, or, if in lesser degree, in exstrophy of the bladder. 
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found as early as the fourteenth day,* before the medullary 
groove has closed to form the neural canal ; it attains its 
maximum size by the end of the sixth month and persists 
until the end of gestation. It ex)nstitutes a loose envelope 
for the fetus, being attached to the abdominal wall of the 
latter at the margins of the umbilicus, and loosely enveloping 
the umbilical cord (see Plate III., Fig. 2). 

An amnion is found in birds, reptiles, and mammals, these 
groups being classed together as Amniota, while fishes and 
amphibians, which are without an amnion, constitute the 
class Ananmia. 

The first indication of the growth of the amnion is apparent 
at a comparatively early stage of development. A surface- 
view of the blastodermic vesicle of the first day of incuba- 
tion in the case of the chick, or of about the eighth day of 
development in the rabbit, shows a curved line or marking 
at the anterior edge of the embryonic area (Fig. 32) ; tliis is 
the anterior marginal groove, in front of which is another 
marking, the head-fold of tlie amnion. Very soon tlie lateral 
and posterior marginal grooves appear at the sides and poste- 
rior edge respectively of the embryonic area ; the outer ele- 
vated edges of tliese marginal grooves constitute the lateral 
folds and the tail-fold of the amnion. The grooves and folds 
increase in length in each direction until they meet, when 
they form one continuous furrow, which circumscribes the 
embryonic area, and the outer elevated e<lge of which is the 
amnion fold. The groove involves both the somatopleure 
and the splanchnopleure, constituting the inverted fold of 
these two structures that grows in to form the body-wall and 
the wall of the gut-tract, while the amnion fold is composed 
of somatopleure alone (Plate II.). This separation of the 
somatopleure and the splanchnopleure enlarges the extra- 
embryonic portion of the body-cavity. The amnion fold 
continues to grow upward, and finally its edges meet and fuse 
over the back of the embryo, the line of union being the am- 
niotic suture ; the suture closes first at the head-end of the 
embrj^o and last at the tail-end. After the union of the eilges 

^ Recently it has been found complete in an ovum estimated to be four 
davs old. 
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of the fold, itfl inner layer, coDsistiog of ectoderm and parie- 1 
tal mesoderm, separates from the outer layer to constitute the 1 
trns anmion, whose enclosed sjiaoe is the anmiotic cavitr ; the 
outer layer, which is merely a part of the general somalo- 
pleure, is the &lse amnion or serosa. It is u[i[>arent from 
this description that the amniotic cavity is lined with ecto- 
dermal epithelium and that its walls consist of somatopletire 
— that is, of ectoderm and parietal mesoderm. 

While the amnion fold is growing upward, the enibrj'onic 
area — now undei^oing differentiation into the embiyonic 
body — is sinking down upon the yolk-sac. The amnion fold 
does not grow uniformly in all parts of its periphery. The 
head-fold is produced fir^t and constitutes a cap or hood cov- 
ering the head of the embryo, which is forming simultaneously 
by the ventrad growth of the somatopleure at the bottom of 
the marginal groove. It is only after the development of the 
bead-fold is well advanced that the lutcral, and, later, the 
caudal, portions of the amnioo-fold grow up to meet it. The 
head-fold is, for a time, destitute of mesodermic tissue, since 
it corresponds to that n^ion of the wall of the blastodermic 
vesicle described on (tage 56 as the proamnion. 

The amnion of man presents an important variation 
frova that of all other Amniota, since the inner layer of the 
amnion-fohl does not entirely sever its c(mnection with the 
outer layer, but remains attached to it over the caudal pole 
of the embryo. In consequents of this attachment the true 
amnion is connected with the false amnion, and since the tm 
amnion is continuous with the horly-wall of the embryo, tl 
caudal end of the embryonic body is attached to the fah 
amnion or chorion by a mass of tissue called the allantc 
stalk or belly-stalk, as seen in Fig. 38. The relation of • 
belly-Htalk to the development of the allaniois will l» poir 
out hereafter. 

The space within the amnion — the unniotic cavity — is 
with the amniotic Huid or liqnor amnil. 

The amnion at first envelops only the sides and dnr 
the embryonic body, occupying the up|)er part of tb 
otclosed by the chorion, as shown in Plate II., Fig 
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6 ; the groove, or furrow, however, of which the amnion fold 
is the peripheral or outer elevat«d ettge, becomes deeper, and 
tlie bottom of the groove is carried toward the middle of the 
future ventral surface of the embryo, its veiitnid growth con- 
tinuing until it reaches the position of the future umbilicus 
(Plate II. : Fig. 4, transverse section ; Figs. 5 and 6, longi- 
tudinal section). The layer of somatopleure constituting the 
inner wall of the groove — that is, on the side toward the 
embr)'onic area — becomes the lateral and ventral walla of 
the body of the embryo, as described above ; in this manner 
is effected the transition from the flattened or layer-like em- 
bryonic area to the definite form of the embryonic body. 
The ventral body-wait is continuous at the mai^ins of the 
umbilicus with the amnion, since the somatopleure, forming 
the outer botlndary of the original groove, is a part of that 
meuibrauo. After its completion, therefore, the amnion en- 
velops the body of the embryo on every side, lying closely 
applied to it, since the amniotic cavity Is at first very sraaU. 
With the progress of development and the increase of the 
fluid the amnion requires more room, until, in the third 
month, it fills out the entire epace within the chorion, with 
the inner surface of which it ncf|uipeR a Inone connection. 
The umbilical vesicle and the allantoic have meanwhile 
undergone regression. The walls of the amniotic sac con- 
tain contractile fibers; it iw to these that the rhythmical con- 
tractions observed in the amnion are due. Its lining is at 
first a single layer of flattened epithelial cells ; at the fnnrth 
month the cells :ire cubical fur the most part, but to some 
extent columnar. 

The liqnor amsii is a watery fluid having a specific gravity 
of 1.007, and containing about 1 per cent, of solids (albumin, 
urea, and grape sugary. The origin of the fluid is believed 
to be in the blood of the mother, the liquid portion of which 
transudes int*) the amniotic cavity. The amniotic fluid in- 
creases in quantit'' until the sisth month of pregnancv ; from 
this time until the close of gestation it generally diminishes 
about one lialf. A pathological excess of the fluid constitutes 
the condition of liydramnios. 

The function of the amniotic fluid U two-fold ; it serves as 
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a buflFer for the fetus, protecting it from mechanical violence, 
and it supplies the fetal tissues with water, since portions of 
it are from time to time swallowed. Evidence that the fetus 
swallows the fluid is afforded by direct observation of chicken 
embryos, and by the presence of epidermal cells, hairs, and 
fatty matter in the fetal alimentary canal. After the devel- 
opment of the bladder, the urine of the fetus is from time to 
time evacuated into the amniotic cavity. 

The epidermis of the child in utero is protected against 
maceration in the amniotic fl^uid by the presence of a fatty 
coating, the Temix caseosa, which is a modified sebaceous 
secretion. 

At the end of pregnancy, the amnion is Iqosely united 
with the chorion and the deciduae ; during birth it ruptures, 
and its fluid escapes. 

THE YOLK-SAC. 

The yolk-sac, or umbilical Tesicle, as seen in the higher 
vertebrates, is a capacious sac attached by a narrow pedicle, 
the vitelline duct, to the ventral surface of the embrvonic 
intestinal canal, the duct passing through the umbilical aper- 
ture (Plate II., Fig. 6). 

In order to appreciate more fully the function and the 
morphological relations of this structure, it is necessar}' to 
glance at the conditions that obtain in the several classes of 
vertebrate animals. In ova that develop outside of the body 
of the parent organism, a special dower of pabulum is pro- 
vided for the nutrition of the embryo ; this dower is repre- 
sented by the deutoplasm so abundant in telolecithal ova. 
In the case of amphibians, whose cleavage, it will be 
remembered, is holoblastic or total, the cells richest in deuto- 
plasm are accumulated, after segmentation, in the floor of thf 
archenteron ; this accumulation produces on the future ventra 
surface of the embryo a marked bulging, which constitute? 
the amphibian yolk-sac. As the embryo grows, it draw 
upon this store for its nutrition, in consequence of which t' 
sac gradually shrinks, its cells being, for the most p? 
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liquefied and absorbed, while some of them contribute to the 
lining of the intestinal canal. 

In a higher type, as exemplified in sharks and dog-fishes, 
the yolk-sac is produced by a folding-in of the splauchno- 
pleure and the somatopleure, the walls of the sac being 
therefore constituted by both of these layers ; this folding-in 
divides the archenteron into a smaller part, the intestinal 
canal, lying within the body of the embryo, and a larger 
cavity, the yolk-sac, situatecl outside of that body. The 
splanchnopleuric layer of the yolk-sac is continuous with the 
wall of the intestinal canal, while its somatopleuric layer is 
continuous with the bo<ly-wall. A system of blood-vessels 
develops upon the yolk-sac, their function lKMng,to convey 
the nutritive material into the Ixwly of the embryo. These 
blo(Kl- vessels constitute the so-called vascular area, which 
appears, in surface views, as a zone encircling the embryonic 
area, and, later, the embr\'o, since the latter reposes upon the 
proportionately much larger yolk-sac. As the contents of 
the sac become absorbe<l, the latter shrinks, the splanchno- 
pleuric layer slipping into the alxlomen of the embryo 
through the umbilical ojiening, the somatopleuric layer con- 
tracting to close that ajx^rture. 

In the Anmiota (p. 75) the development and structure of 
the yolk-sac are minlified by the presence of the amnion. In 
these groups the yolk-sac and the gut result from the division 
of the archenteron by the folding-in of the .-planchnopleure 
alone, since the somatoj)leure grows away from the splanchno- 
pleure to form the amnion-fold, and thus only jKirtially in- 
vests the yolk-sac (Plate II., Fig. A), 

Since the volk-sac (X)ntains the store of fo<Kl destine<l for 
the nutrition of embrj'os that develop outside of the maternal 
bodv, and since the mammalian embr\'o, which leads an intra- 
uterine existence, is endowe<l with a relatively small quantity 
of such store, the volk-sac of mammals would seem to indi- 
cate the descent of the latter from oviparous ancestors. 
Further and stnmger evidence of such descent is found 
in the fact that the eggs of the lowest order of mammals^ 
the Monotremata, comprising the echidna and the omithr>- 
rhynchus, are " laid'' and undergo ea^ra-uterine development. 
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In the human embryo the umbilical veflicle is found par- 
tially constricted off from the intestinal canal by the end of 
the second week ; by the end of the third week the separa- 
tion of the two cavities has advanced to such an extent that 
the vitelline duct is present, the sac attaining its maximum 
size by about the fourth week. 

The ftmction of the umliilieal vesicle, as above intimated, is 
to serve as the organ of nutrition for the embryo during a 
certain period. The manner in which its blood-vessels de- 
velop will be considered in Chapter X. Their growth pre- 
cedes that of the intra-embryonic portions of the vascular 
apparatus, the vascular area of the yolk-sac being the seat 
of the earliest blood-vessel formation. The vessels find 
their wav into the bodv of the embrvo along: the vitelline 
duct, and consist of two vitelline arteries and two vitelline 
veins. 

With the development of the allantois the yolk-sac retro- 
gresses, the allantois succeeding it as the organ of nutrition 
and respiration. By the end of the sixth week the sac has 
shrunk to a narrow stalk, which is surrounchHl by the en- 
larged amnion, and which terminates in a knob ; at birth, 
the knob lies near the placenta (Plate V., Fig. 2\ and the 
atrophic remnant of the stalk is one of the constituents of 
the umbilical cord. 

THE ALLANTOIS. 

The allantois is an embryonic structure which is found in 
those vertebrates possessing an amnion. Its growth is cor- 
related with the retrogression of the umbilical vesicle, which 
structure it supplants as the organ of nutrition and resj)in' 
tion for the embryo. 

Appearing at first as a little evagination or out-jK)cket 
of the ventral wall of the gut-tract, the allantois finally 
comes a pedunculated sac lying in the extra-ombrj'onic 
of the cojlom (Plates II. and III.)) its stalk Icavir 
body-cavity ]>ro|>er through the umbilical opening, 
an outgrowth from the intestiual canal, the walls ( 
allantois are made up of splanchnoj>leure — that is, o^ 
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derm aiitl visceral mesoderm. Blood-vessels develop in the 
mesoderniic stratum, the print^ipal truDks, the tvo allan- 
toic arteries and veins, being connected at their proximBl 
enda witli the iiriniitive heart ; this aystom of vessels consti- 
tutes the allantoic circulation and is the avenue through 
which the growing embryo is supplictl with nntritive mate- 
rial and oxygen. As the fundus of the nlluntois increases 
in size, it spreads iteclf out upon the inner surface of the 
false amnion or chorion (Plate III., Fig. 1), into whose villi 
ita vascular tissue penetrates, and with which it becomes 
intimately blended. The union of the allantois and the false 
amnion produces the tme diorlon of gome authors. 

The human allantois prerseuts a striking peculiarity as com- 
pared with that of blrcU and reptiles; in man, the allantois 
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develops not as a free sac projecting into the extra-embryonie 
body-cavity, but as a mass of splanehnuplenric tissue whicb 
contains only a rudimentary cavity and which grows into> 
the abdominal stalk (Fig. 38 wnd Fig. 47, bid), being guided! 
by that structure to the chorion, 

The function of the allantolB in egg-laying animals, and 
possibly in some others, is to serve us a nutritive and re- 
spiratory organ aud as a receptacle for the fetal urine ; in 
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man its cavity is exceedingly minute, and its chief function 
is to furnish a means of conveying blood-vessels from the 
embryo to the chorion. 

The part of the allantois contained within the body of the 
embryo produces three structures of the adult organism : 1, 
the nrachus, an atrophic cord extending from the summit of 
the bladder to the umbilicus;^ 2, the nrinary bladder; and 3, 
the first part of the oretlura of the male, or the entire female 
urethra. The extra-embryonic portion shrinks after the 
appearance of the placenta and forms one of the constituents 
of the umbilical cord, its blood-vessels becoming the umbil- 
ical arteries and veins. 

THE CHORION. 

At the time when the false amnion is forming, the attenu- 
ated zona pellucida still surrounds the embryonic vesicle 
as the so-called prochorion, which unites with the false am- 
nion, producing the primitive chorion. After the allantois 
has grown forth from the gut- tract and has spread itself over 
the inner surface of the primitive chorion, it becomes blended 
with the latter to constitute the true chorion of some authors. 
The chorion, according to the above nomenclature, may be 
defined as the membrane which encloses the germ at the 
stage following the appearance of the amnion and tlie false 
amnion, and which has resulted from the fusion of tlie allan- 
tois with the primitive chorion ; or, ignoring the zona pellu- 
cida, the chorion results from the fusion of the allantois and 
the false amnion. Minot, however, defines the cliorion as all 
that part of the extra-embryonic somatoploiiro which is not 
used in forming the true amnion, and hereafter in this wor) 
the word will be used in this sense. This definition limi 
the term to the outermost covering of the germ after f 
formation of the amnion (Plate III., Fig. 1). 

The chorion consists of an outer ectodermic laver 
an inner lamella of mesodennic tiasue. The mesoblastic 
is thin, being composed of from two to four layers of r< 

^ If the nrachus remains patulous instead of becoming imperviouf 
may escape at the umbilicus, and the condition is a yarietj of tin'nar 
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oval, or fusiform cells, and is at first devoid of blood-vessels. 
Tlie latter, in the form of capillaries, make tlieir appearance 
at gome time during the second week, probably as extensions 
of the blood-ves^ls of the alknt4iiK. 

The outer ectotlermic or epiblostic cells of the chorion at 
a very early period, certainly us early as the third day, 
undergo proliferation to form a layer of tieaiie called the 
troplioblaBt, which is from one to several layers of cells in 
thickness. The trophoblast layer is thickest at the place of 
attachment of the ovum to the uterine mucosa. The inner 
cells of the trophublast are cubical, and have large, finely 
granular, round or oval nuclei. In the youngest human 
ovum as yet examined — that of Peters, estimated to be three 
or four days old — tlie trophoblast was lound to present many 
little projections In the form of strands and buds, these 
being the foundations of the futnre villi of the chorion. The 
trophoblast layer was not solid, but was honeycombed with 
little spaces or vacuoles filled with maternal blood, which 
epaces were jKirtly lined with a nucleated protoplasm, the 
early STSCTtinm (Plate IV,, ft). Even at tins early stage, 
therefore, when the trophoblast strands or early villi are as 
yet devoid of a mesoblastic element, they are bathed with 
the maternal blood, Very soon the mesoblastic tissue of 
the chorion gn)ws into the trophoblast strands, thus forming 
the permanent villus stems ; and during the second week 
rapillaries extend into the stems, completing the formation 
of the fully developed villi of the chorion. 

The early development of villi is characteristic of the 
human chorion {Fig. 39 and Plate II., Fig. 6). At first the 
villi, either covering the entire surface of the chorion or 
leaving the two opposite poles free, are of uniform size ; in 
the latter lialf of the first month, however, there begins to 
be a differentiation Into a region containing smaller, and one 
having larger and more nimierous, projections. The differ- 
enco between the two areas In-coming more marked, the 
relatively smooth part of the membrane, possessed of rudi- 
mentary fVilli, is designated tlio chorion leve, while the 
region with iveIl-develoi}ed villous projections is distin- 
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guished an the chorion frondosnm (Plate III., Figs. 1 and 2); 
the latter acquires a close relation with the mucous nieml>rane 
of the uterus and becomes the fetal part of the ))lacenta. 
The villi in their earlier condition are somewhat club-shaped 
elevations, which later become branched to form secimdary 
villi. Each fully developed villus consists of a core of 
mesobkst, covered with ectodermic epitbelinm and contain- 
ing blood-vessels (Fig. 44 and Plate IV., «)■ Their micro- 
scopic appearance is so characteriftic that they afford a 
means of positively determining whether a mass discharged 




from the uterus is or is not a product of conception. The 
further alterations in the villi as well as ia the trophoblast 
in general, including the syncytium, will be considered ia 
Chapter VI. 

A chorion is present, as a rule, in those animals whose 
embryos develop within the uterus ; this would include the 
entire class Mammaliu, with the exception of the mono- 
tremes, whose e^s undergo extra-uterine development, and 
the marsupials, whose embryos, though nourished in the 
womb, never acquire villi on the serosa, nutriment being 
absorbed by simple contact of the latter with the uterine 
mucous membrane. The Mammalia are therefore divide 
into the Acboria, comprising the monotremes and marsiipia' 
and the Choriata, including all other, mammals. 
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enlarged uterine glands, while in the spongy layer are their 
greatly branched and often tortuous bodies (Fig. 41). The 
tortuosity and division of the deeper extremities of the glands 
produce the cliaracteristic appearance of a section of the 
spongy stratum. 

The alterations necessary to convert the menstrual deddna 
into the decidiUB of pregnancy take place in part while tlie 
ovum is still in the Fallopian tube ; when it reaches the 
uterus it becomes attached to the mucous membrane of the 
latter, usually along the upper part of the posterior wall. A 
portion of the mucous membrane eventually comes to enclose 
the ovum as in a distinct envelope (Plate V., Fig. 1). The 
part of the uterine mucosa which thus surrounds the ovum 
is the decidua reflexa; the part still lining the cavity of the 
womb is the decidua vera ; the ])art that is in contact with 
the chorion frondosum is the decidua serotina. The decidua 
serotina afterward becomes the maternal part of the placenta, 
intimately uniting with the chorion frondosum. 

Until recentlv it was l)elieved that the ovum became im- 
planted upon the surface of the mucosa, and that the latter 
grew up around and over it to form the dt*cidua reflexa. 
This thcorv has been complett^lv sot aside bv the recent 
investigations of Peters of Vienna, whose results have been 
confirmed by Webster of Chicago. Peters' observaticms 
were made upon the gravid uterus of a suicide, the ovum 
being embodded in a triangular proniinence on the up])er 
mtnlian region of the posterior uterine wall. The ovum 
measured in three diameters respectively 1.0,0.8, and 0.9 
mm., its estimated age being three or four days. 

The embedding of the ovum (Plate IV.), or its sinking into 
the mucosa, is quickly accomplished by the erosion of the 
superficial layers of the latter, presumably by the phagocytic 
action of the trophoblast. Actual erosion is evident from 
the absence of the surface epithelium at this place. The 
ovum is thus brought into relation with the deeper layers of 
the mucosa. The e<lges of the excavation are uhdermined, 
so that the ovum is partly covered by the mucosa, the area 
not thus covered being occupied by an organized blood clot, 
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the tissue fongus (Plat* IV.)- The overhanging edges nf the 
exca,vation constitute thu beginning of the rcflexa, which is 
obviously, therefore, not produced by the upgrowth of a 
circular fold of mucosa. The troplioblost strands or early 
villi extend toward and into the si-rotina, to which eome of 
them become attached. It is thought by Webster that they 
may absorb fluid and nutriment, and that by phagocytic action 
they open up the blood-spaces of the serotina, thus bringing 
them into coramuni<:atiuu with the lacunae of the trophoblast. 

The blood-lacunn of the Irciphohlast form a svstem of in- 
tercommunicating spaces, the beginnings of the later inter- 
villous space.'i of the placenta ; they are filled with maternal 
blood from the eerotina, and are lined with syncytium (Fig. 
43), the latter being thin in places and resembling an endo- 
thelium. There ie no extension, however, of the endothelium 
of the serotinal ves^ls, either upon the villi or into the 
spaces (Peters and Webster). 

The syncytiiua is the more or less irregular layer of nu- 
cleated protoplasm which apjiears upon the surface of the 
ovum toward the end of the first week, lining the tropho- 
blast lacunie, and later ]>enctrating as irregular masses into 
the serotina, where it is found until the end of pregnancy. 
No traces of it are found on the vera after the sixth week. 
The origin of the syncytium has long been in dispute. Peters 
has shown that it results from the transformation of the 
superficial part of the trophoblast, probably from contact of 
the latter with maternal blood, which, he thinks, exercises a 
blending influence upon the trophoblast cells, so that as indi- 
vidual cells they disappear, the result being a non-cellular 
but nucleated protopla'im. Peters also believes that cor- 
puscles of the maternal blood are appropriated by the 
syncytium, and that the latter, covering villi and chorion as 
it does, has something to do with the interchange of nutri- 
ment and waste products between the maternal blood and 
the ovum. What remains of the early tro]ihoblast after the 
formation of the syncytium is the layer of Langhana. 

The ciliated epithelium of the uterine mucous membrane 
disappearsby theendof the first month of pregnancy (Minot); 
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somewhat later, that of the uterine glands is also lost. By 
the end of the fifth month the fetus and its ap[)endages have 
increased in size to such an extent that they com[>letely fill 
the cavity of the womb, and the space between the vera and 
the reflexa is obliterated. After the second month the vera 
becomes progressively thinner and the reflexa undergoes 
degenerative changes to such a degree that by the end of 
pregnancy merely remnants of it are present.^ By the sixth 
month the vera is intimately blended with the chorion. 

THE PLACENTA. 

The placenta, in certain groups of mammals, including 
man, is the orgiin of nutrition for the fetus during about the 
latter two-thirds of the jwriod of gestation. In man, it is 
a discoid structure, attached by one surface to the wall of 
the womb, and connected on its opposite as|)ect with the 
fetus through the medium of the umbilical cortl. 

The human placenta re])resents the highest s]>ecialization 
of an apparatus for bringing tlie fetal blood into intimate 
relation with tlie 1)1o(k1 of the mother. In Q\t^i^ that develop 
outside of the body of the mother, such as those of rt»ptiles, 
birds, and the lowest mammals, the Monotremata, the 
growing eml)ryo necessarily acquires no connection with 
the uterine mucosa, but draws upon its original dower of 
nutriment, tlie deutoplasm, until its development is com- 
pleted, when it breaks thnmgh the shell and seeks its own 
foo<l ; in these groups the chorion d(»vel(>ps no villi. In 
the marsui>ials, a group of mammals higlier tlian tlie mono- 
treines, the ovum, although developing in the uteru>, forms 
no close connection with it, but obtains its nourishment bv 
simple imbibition from the uterine mucosa. On the other 
hand, in all mammals higher than mon()trem<\s and marsu- 
pials, the chorion is distinguished by the ])resence of villi 
upon its surface. 

Between th<i human placenta and the non-villous chorion 
of the marsupials, certain gradations exist; for example, in 
pigs, whales, and some others, there is no proper placenta, 

* Webster. 




expulsion of the fetus. In the Cariiuora the placenta 
has the form of a zone or ring — placenta zonaria — while in 
man and certain allierl mammals, as aiws, xodents, and some 
others, it is diwuid in .slia|>e — placenta discoidea. 

The human placenta la formed in the third month of preg- 
nancy ; since it rpsiilts from the union of the chorion frondo- 
Bmn with the decidua serotma, it consists of a fetal and a 
maternal part. 

Our conceptions of the development of the placenta niuBt 
be modified to accord with recent investigations. The em- 
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bedding of the ovum in the uterine mucosa and the niixlilicu- 
tions occurring in the chorion, including the growth of it« 
villi and its difTerentiation into the chorion frondosum and 
the chorion leve, ha\e l>ecn considered above. It will be 
recalled that the ovum eats its way, as it were, into the 
mucosa, thus causing the su|ierfic!al layers of the latter to 
disappear at the site of implantation. It is itossibly this 
process of erosion upon the part of the fetal trophoblast 
that opens up the niready dilated capillaries of the serotina — 
the simiseB — and allows the maternal blood access to the 
blood-laruniB of the trophoblast, where it t||U8 bathes the 
primitive villi. Since the entire trophoblast is vacuolated, 




Fio. 4S,— ScfaeniBtlc reprewDtBtion of Ifae duTelopmpnl of Vae plaoenta (nftcr 
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the maternal blood at this time — the first week — is brought 
into relation with the whole stirfuce of the chorion. In the 
latter half of the first month the distinction between chorion 
frondosura and chorion leve liegins to be manifest, the villi 
of the latter gradually retrograding until, in the sixth week, 
they are greatly degenerated, many of them being without 
blood-vessels. 

n frondosum increase in size, number, 

p of them acquiring attachment to the 

■ule, entering the scrotinal blood sinuses. 

f new villi continues thniughout pregnancy. 

? capillaries in the second week, these being 



The villi of the choi 
and complexity, ; 
serotina, but not, as a n 
The forniatio 
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extensions of the allantoic blood-vessels. The ayncytinm of 
the chorionic laciiiise, now the intervilloiis spaces, increases id 
quantity, and not only lines the spaces, but exists in the foiin 
of masses, some of which becnnie attached to the serotina be- 
tween the villi, while others penetrate into It, many being found 
at the fourth month in the serotinal connective-tissue spaces. 
The decidna aerotina {basal decid la in the first mouth is 
edematous and hyperemic ( revnting dilated capillaries and 
blood-spaces, many of which communicate with the inter- 
villous spaces of the chorion B\ the sixth week its surface 
epithelium is entirely lost and tl e part^ of its glands con- 
tained in the compacta are to a great extent obliterated. In 
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the fourth month it is thinner, more irregular in thickness, 
contains less sinuses, and shows degeneration in the com- 
pacta, with many masses of syncytium. Toward the end 
of pregnancy the sinuses increase in size, and the irregu- 
larity in thickness and the degeneration are more marked. 
The placenta at term is a discoid mass, in situ, but less 
flattened after i\A cxpnlsion from the uterus. Its diameter 
is from 15 to 20 and its thickness from 3 to 4 centimeters. 
The uterine surface is convex and irregular, and is im- 
perfectly divided into tufts «»r cotyledons. The somewhat 
concave fetal surface, rather mottled, is covered by the 
loosely adherent amnion, and presents, usually near its center, 
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the attachment of the umbilical cord. The maternal part 
of the placenta, the decidua serotina, is of varying thickness, 
in some places being absent. Its compact layer shows 
fibrinous degeneration, very few traces of glands, and no 
epithelium. The blood-spaces, lined with endothelium and 
representing (p-eatly dilated capillaine^^ are in communication 
with the intervillous spaces of the fetal placenta (Plate IV., a). 
Scattered throughout the serotina are masses of syncytium. 
In the shed placenta there is very little of the serotina, since 
separation takes jiiace through the comjyactay the spongiosa 
and a part of the compacta remaining upon the uterine wall. 

The fetal part comprises almost the entire tliickness of 
the cast-off placenta. It is made up of villi ^ of all ages and 
sizes springing from the chorion (some attached distally to 
the serotina, others projecting free into the intervillous 
spaces), and of masses of syncytium attached to both villi 
and chorion (Plate IV., a). The intervillous spaces are a 
system of intercommunicating cavities through which tlie 
maternal blood circulates and which are in communication 
with the blood-spaces of the serotina. Elevations of the 
serotina between the villi constitute the septa placentae. 
The so-called marginal sinus at the periphery of tlie 
placenta is merely a system of intervillous spaces that 
intercommunicate more freely because of the relative 
paucity and small size of the villi in this region. 

The site of attachment of the placenta to the uterus is 
usually the upper part of the posterior wall. Under certain 
circumstances it mav become attached lower down, even 
extending jxirtly or wholly over the mouth of the womb, 
constituting then the condition known as placenta prsevia. 

THE UMBILICAL CORD. 

The blood-vessels through which the fetal blood finds its 
way from the fetus to the placenta and back again to the 
fetus, together with the atrophic vestiges of certain structures 
associated with the development of these vessels, constitute 
the structure known as the umbilical cord. In considering: 
the growth of the human allantois it w^as pointed out that the 

* For structure of villi, see pages 83, 84. 
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latter structure, as it grows from the ventral wall of the gut- 
traet into the eo-called allantoic or alxloniinal stalk, becomes 
the .wat of development of the two allant*)ic arteries and of 
an equal nnmber of allantoie veins. With the metamorphosis 
of tlio ehorion frondn&um into the felaf placenta, the abdom- 
iniil ,st:ilk liceoiues more slender and at the same time much 
elonpitod, and the allantoic blontl -vessels are henceforth the 
umbilical vessels. The two umbilical veins fuse, so that, at 
birth and for some time Iwfore, there is but one vein, though 
thei-e are still two arteries. The umbilical Tein, entering the 
biidy of the fi?tns through the umbilicus, passes directly to 
the under surface of the liver, where it unites with the fetal 
porlal vein and gives off a branch of communication, the 
ductus venoBiiB, to the inferior vena cava, after ivhich it 
enters^ the liver through the transverse iiesure. The umbilical 
arterieB, whose intra-embryonic portions are called the IiTpo- 
gastric arterieB, are the direct continuations of the superior 
vesical arteries of adult anatomy. They leave the body of 
the fetus at the umbilicus, 

The umbilical cord, while consisting essentially of the 
three blood-veaselpi mentioned, contains also the remnant of 
the allantoic stalk and of the umbilical vesicle, these struck 
nres being eurrounded and lield together by si quantity of 
embryonic connective tissue, the jelly of Wbarton, which 
makes up the chief part of the mass of the cortl ; upon the 
surface is a layer of epithelium, continuous, at the distal end 
of the cord, with the epithelium of the amnion. 

The umbilical cord has an average length of 55 cm., or 22 
inches, but varies between the extremes of 15 cm. (6 inches) 
and 160 cm. (G4 inches); its thickness is about 1.5 cm. 
(J inch). The cord presents the appearance of being spi- 
rally twisted ; it is priibable, however, that the appearance 
of torsion is conferred by the spiral or coiled arrangement 
of its arteries, due to their excessive growth, rather than by 
a twist of its entire mass. There may be one or more true 
knots in the cord, produced by the slipping of the fetus 
through a loop. 

The position of attachment uf tlic cord to the placenta is 
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usually near, but seldom exactly in, the center of the fetal 
surface of that organ ; rarely it may be found attached to 
its edge, and still more rarely to the fetal membranes them- 
selves at some little distance from the edge of the placenta, 
with which, in the latter case, it is connected by its blood- 
vessels. 

The great length of the human umbilical cord is thought 
to be due to the relatively large quantity of amniotic fluid 
present in the human subject. 

After birth, the i>ortions of the hypogastric arteries extend- 
ing from the upper part of the lateral wall of the bladder to 
the umbilicus undergo atrophy, becoming impervious fibrous 
cords ; the intra-abdominal part of the umbilical vein like- 
wise becomes atrophic and impervious, constituting the 
so-called round ligament of the liver. 

RELATIONS OF THE FETAL MEMBRANES AT BIRTH. 

When the amniotic fluid attains its maximum bulk — at 
about the end of the sixth month — it requires so much space 
that it presses the amniotic membrane closely against tlie 
chorion, which hitter, covered by tlie remnants of the re- 
flexa, is in turn forced into intimate relation with the vera 
(Plate v.). At term the vera and chorion have become 
practically one membrane. The amnion, while adhering to 
the inner surface of the chorion ^ sp l oosely associated with 
the latter that it may be^'jSeeled olF from it. The mem- 
branes, which constitute a fluid-filled sac surrounding the 
fetus, are ruptured by the contractions of the uterus at some 
time during parturition. Through this rent the child is 
forced during birth, the placenta and the membranes re- 
maining behind. After the expulsion of the child, the vera 
and the placenta detach themselves from the uterine wall, 
and, with the chorion and the amnion, constitute the after- 
birth, which is exj)elled shortly after the expulsion of the 
child. The separation of the after-birth takes place in the 
compact layer respectively of the decidua vera and of the 
uterine placenta. The spongy layer and what remains of the 
compacta serve for the regeneration of the uterine mucosa. 



CHAPTER VII. 



THE FURTHER DEVELOPMENT OF THE EXTERNAL 
FORM OF THE BODY. 

Having traced the growth of the germ to tlie timo when 
the body of the embryo beootnes definitely differentiated from 
the embryonic appcndugos or fetal memliranes, the develop- 
ment of the individual organa and tissues may be taken up. 
The diacussion of this latter subject, espceially of that i«irt 
of it pertaining to the sinictures on tiie exterior of the body, 
involves a consideration of the. external form of the embryo 
and fetua during the anocessive stages of growth. 

In the preceding cliapters it was pointed out that the cells 
of the segmented ovum arranged themselves in such a man- 
ner as U^ form a hollow sphere, the blastodennic vesicle 
(Plate I.) ; that this vesicle, having at first a single-lajrered 
wall, came Ut consist of two layers of cells, the ectoderm and 
the entoderm; and tliat, finally, a third, intervening lavL-r, 
the mesoderm, made its api>earance. It wa3 shown, further, 
that the thickened portion of the vesicle wall, the embryonic 
area, became more and more differentiateil fn>m the remain- 
der, and that, by certain proteases of foldini:, tliis area was 
made to assume the definite form of the embryonic body, 
while from the other parts of the vesicle-walls the fetal mem- 
branes were produced (Plate II.). It maybe well to remind 
the reader again that when the t>ody of the embryo lias \k^ 
come closed off from the fetal membranes, thia body is an 
irregularly tubular structure whose walls are th? somato- 
pleure and whose enclosed space is the body-cavity, and that 
within it are two other tubes, a larger, the gut-tract, formed 
by the splanchnoplenre, and a smaller ectodermic tube, the 
neural canal. 

While, as a matter of convenience, the description of 
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the individual organs is taken up after tracing the course 
of development to this stage, it should be borne in mind 
that the rudiments of some of them are already distin- 
guishable before the germ-layers become infolded to form 
the body-wall and the gut-tract. It will facilitate a compre- 
hension of the general principles concerne<l in the origin of 
the diiferent parts of the body to refer to the tabulateil state- 
ment of the derivatives of the three primary germ-layers as 
presented in Chapter III. 

In considering the external form of the product of concep- 
tion, one may adopt the classification of His, referred to in 
the first chapter. This author divides the pericHl of devel- 
opment into three stages, of which the firsts the stage of the 
ovum, or the blastodermic stage, comprises the first and second 
weeks of intra-uterine growth ; the second, the stage of the 
embryo, extends from the second to the fifth week ; and the 
thinly or the fetal stage, includes the time between the fifth 
week and the end of gestation. 

THE STAGE OF THE OVUM. 

During the fortnight allotted to this first stage of develop- 
ment occur the various changes by which the impregnated 
ovum acquires the form of a hollow sphere, designat(»d the 
embrvonic or blastodermic vesicle. The series of transforma- 
tions has been described in Chapter IT. In this place it will 
be sufficient to refer to the external characters of the blasto- 
dermic vesicle as depicted in Figs. 39, 40, which represent 
the ovum described by Reieliert. This ovum was estimated 
to be about twelve days old, and was one of the youngest 
human ova ever described. Its form was that of a sphere 
somewhat flattened, its short and long diameters measuring 
respectively 3.3 mm. and 5.5 mm. The flattened surfaces 
were smooth, while the equatorial zone was beset with villi. 
The early appearance of villi is characteristic of the human 
ovum. 

THE STAGE OF THE EMBRYO. 

It is during the early part of the second stage, at about 
the fourteenth day, that the somatopleuric layer of the blasto- 
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dermic vesicle becomes folded in to produce the walls of the 
embryonic body. Fig. 46 shows a humaD embrj'o of about 
the fifteenth day, whose form is as yet imperfectly differ- 
eDtiate<l, tlie ventral wall of the body being incomplete, 
since the gut-tract ia still in communication with the umbili- 
cal vesicle throughout almost the entire length of the embryo. 
The back and sides of tlie embryo are enveloped by the 
amnion, and the dorsal outline is concave. The caudal pole 




FHI.4S.— HDmsDcmbryri ufalxiiil the thirteenth day (His). The caudal pote dT 
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is seen to be connectwl by means of the allantoic stalk with 
the primitive chorion, which latter structure, however, w not 
represented in the figure. Tiie concavity of the dorsal out- 
line is peculiar to the human embryo of this stage. The 
development of the head 19 closely associated with the dilata- 
tion of the cephalic end of the neural tube and the subse- 
quent division of this dilated e-xlremityinto ihe three primary 
brain- vesicles, the fore-brain, the mid-brain, and the hind- 
brain. The oral pit, the first indication ofthe future mouth, 
is present in the early part of this stage ; it is a depression 
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between the prominent fore-hrain vt'sicle and the cartliuc 
dilatation (Fig. 47). 




Via. 46.— Human embiro 
ulifd ID thu whU vS Ihi. I 
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point of BtUchmeDt of the smnioD to the cborloo dnwQ out lo * tip : M, belly- 
italk: Sch. taU-end^ «., |iriiiHHTe «egini-lil; dg. Tltellloe blood-vewBli; di, yuLli- 
■sc; A, beut; [4>, visceral urrb. 

Between the fifteentli and the twenty-first day, the lens- 
Teaicles and the otic vesicles are formed by invaginationa of 
the snrface ectoderm (Fig. 48, 7 and 8), these eaes being 
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the riKlimonts respectively of the crystalline lens aiul cif the 
membrauoiiB intenial ear; at this time also the visceral archeB 
and dflfta first beponic distinguishable. On the twenty-tirst 
day, the rndiments of the limbs ajtpear as little bud-like 
processes springing from the trnnk. The conspiciions pro- 
jection on the ventral snrfacc between the now almost com- 
pletetl yolk-sac and the cephalic end of the body is produced 
by the primitive heart (Fig. 48, 10, 11, and 12). 

Until the twenty-first day the embryonic body is erect. 
Between the twenty-first and twenty-thirtl days a marked 
alteration in the appearance of the germ is brought about by 
a pronounced bending of the long axis of the embryonic 
body (fig. 48). The degree of curvature is such that the 
caudal and cephalic extremities overlap. The flexion reaches 
its maximum degree by the twenty-thinl day. The curved 
dorsal outline is referable to four well-marked flexions, the 
position of the most anterior, or cephalic flexnre, correspond- 
ing to that of the future sella turcica and being indicated by 
the projection of the mid-brain vesicle (Fig. 61, III.) ; at this 
point the anterior part of the head is bent almost sufficiently 
to form a right angle with the posterior half. A second or 
cervical flexure is found in the future ueck-region, while 
further caudad are seen the less pronounced dorsal and coccy- 
geal curves. 

The fourth week marks the period of the most active 
growth of the embryo. After the twenty-third day, the 
body as a whole uncoils somewhat, although in the latter 
half of the fourth week the individual flexures noted above 
become more conspicuous. 

The Visceral Arches and Clefts. — The visceral arches, 
with the intervening visceral clefts, constitute a conspicuous 
feature of the external appearance of the embryo during this 
stage. These arches are a series of five approximately 
parallel ridges appearing upon each side of the future 
neck-region and extending obliquely downward and for- 
ward toward the ventral surface of the embryo (Figs. 49 
and 51). The four furrows lyiug between the five visceral 
arches are the visceral clefts. A coronal section of the neck- 
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rt^on (Fig. 50) — a section in a plane j>arallcl with the ventral 
surface — shows that the fnrrows seen on the ectoderm ic 
surface correspond in position to a like number of deeper 
grooves on the inner or entodermic surface. The inner 
furrows are ont^pocfietings of the entoderm lining the phar- 
yngeal region of the fore-gnt ; they are referred to as the 
pharTOgyeal ponches or throat-pockets to distinguish them from 
the outer clefts. At the bottom of the clefts the ectoderm is 
in contact with the entoderm, the mesoderm being absent; 
these two layers constitute the cloaing membrane. The vis- 
ceral arches or ridges consist of thicltened masses of meso- 
dermic tissue covered outwardly and inwardly rcsi)ectively 




FiO. 60.— Coronal aeotiona of two huiiiini i Mi.ry-i, In." Ink; vtnlral wall of 
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1, S. i, i, Tlsceral arobes, each wllh lu viicf ral^sTch \etae\ ; C. tubi-rculum Impu ; 
7, oilflCD of Inrrni : H. pulmonary evoginatlon. 



by tlie ectoderm and tliu entoderm. Each arch contains an 
artery, the visceral-aich vessel. These five pairs of visceral- 
arch vessels arise by a conininn stem, the trmcus arterioBUS, 
from the primitive heart' 

The morptiological significance of the Tisceral arches and 
clefts may be appreciated by & comparison of the conditions 
obtaining in lower types. While in birds and mammals the 

' For nil nci.'oiint of t)ie nifIaaior|FhoHia of tlie vigceral-nrch vessels into 
the adult arteries of the thiont and neck tlie rvader is referred to Cli&pler X. 
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number of the clefta is four, in reptiles, amphibians, and; 
bony fishes, five clefts appear, and in some fishes (selachians) 
the number is six. In all aquatic vertebrates, the thiD 
epithelial closing membranes rupture, thus establishing com- 
munications between tlie alimentary tract and the exterior, 
throu^ which openings water passes in and out. The mar- 
gins of the clefls— except the first or hyomandibular cleftr^ 
become the seat of a rich supply of capillary blood-vessels, 
the blood of which obtains oxygen from the water and yields 
to the latter its carbon dioxid ; while the visceral arches, 
excluding the first and second, become known in these classes 
as branchial arches from their producing bony arches which 
support the branchire or gills. With the exceptions noted, 
the visceral arches and clefts with their capillary plexuses 
therefore functionate in these classea as a respiratory ap- 
paratus. 

When, in the course of evolution, certain of the verte- 
brates assume an aerial existence, in consequence of which 
they acquire a breathing mechanism adapted to such a moile 
of life, the respiratory function of the clefta or branchite 
ceases, and they either disappear entirely or constitute merely 
rudimentary structures of the adult. The so-called clefts in 
inaa are never actual openings, the closing membrane always 
being present (His, Kolliker, Piersol, Born). To express the 
morphology of the visceral clefts briefly, they are permanent 
structures in fishes an<l in tailed Amphibia ; they are present 
during the larval stage of other Amphibia, while in birds 
and mammals they are founil only in embryonic life. 

The growth of the visceral arches and clefts bears an inti- 
mate relation to the differentiation of the head- and the neck- 
regions of the embrj'o. They first make their appearance at 
about the twenty-third day and attain their greatest develop- 
ment by the end of the fourth week. Both the arches and 
the clefts appear earliest and are best developed at the ce- 
phalic end of the series, the fifth arch being exceedingly ill- 
defined. During the fifth week the obliteration of the arehes 
and clefts as such begins, since certain of them become meta- 
morphosed into permanent structures while the remainder 
undei^ regression. 
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The Metamorpliosis of the Visceral Aiches and Olefts. — 
The first visceral arch becomes divided into an uj^x ])art, 
the maxillary arch, and a lower portion, the mandihnlar or 
jaw-arch (Fig. 51). The maxillary arches or processes of 
the two sides unite, at their anterior ends, with the inter- 
vening nasofrontal process (Fig. 56), and in this way is formed 
the upper boundar}'' of the mouth-cavity ; the mandibular 
processes become joine<l with eacli otiier anteriorly and con- 
stitute the inferior lx)unda^^' of this cavitv. The maxillarv 

• • • 

processes become the su]>erior maxilhe, while the mandibular 
processes become the lower jaws. The meso<lermic core of 
the mass of tissue constituting the mandibular arch divides 
iuto three sections, of which the two situated at the proximal 
end of the arch are quite small and give rise respectively to 
the incus and the greater part of the malleus ; the large distal 
segment is a slender cartilaginous rod, Meckel's cartilage, 
whose proximal extremity b(»comes the processus gracilis of 
the malleus (see Chapter XVTTT.). 

The second visceral, or anterior hyoid arch becomes obliter- 
ated as such, although a bar of cartilage which it contains — 
Beichert's cartilage — ogives rise by its proximal extremity to 
the stapes/ while the remaining portion becomes metamor- 
phosed into the styloid process, the stylohyoid ligament, and 
the lesser cornu of the hyoid l)one. 

The third or posterior hyoid arch, which corresponds with 
the first branchial arch of fishes, likewise loses its identitv 
as a surface marking, while the bar of cartilage it contains 
becomes the body and greater cornu of the hyoid bone. 

The fourth and fifth arches coalesce with the adjacent tis- 
sues, producing no s|)ecial structures. 

The first outer cleft, known as the hyomandibular cleft, suf- 
fers obliteration except at its dorsal extremity, where the 
tissues forming its margins produce the external ear. The 
remaining three outer clefts disappear in the ibllowing man- 
ner : the fourth outer cleft Incomes covered and hidden bv the 
fourth arch, and the third and second clefts are successively 

* Reichert, CJe^enbaur, Hertwit; ; or to tlie riup of the stapes according 
to Salensky, <4raileni^o, and Kabl. 
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diiried by the growth of the third and second arches. The 
^nkiug-ia-'9f the lower arches and clefts (Fig. 50) results in 




I 



the formation of a fossa or fissure on the lateral surface of the 
Deck, the sinua pr»cervicalia (Fig, 51, «/>), which siibsequentiy 
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18 made to diaajujcar by the conlescence of its edges. Ocea- 
Bionally this sinus, instead of liecoming completely obliter- 
ated, persists, and the thin layer of tissue forming its bottom 
ruptures — possibly spoil tan eotisly or perhaps more probably 
as the result of exploratory probing — constituting the anom- 
aly known as cervical flatnla. Such a fistula establishes an 
opening into the esophajius. 

The first inner cleft or first pharyngeal poncb beconies ineta- 
morphosefl into Ihi' middle ear and the Enstachian tube, the 
closing membiane, which seiwirates it fii>ni the outt-r cleft, 
forming the membraua tympani. The second pharyngeal 
poncliea produce no 8j>ecial structures, but the adjacent tissues 
give rise t*) the epithelial parts of the middle lobe of the thy- 
roid Iwdy and in the iKieteritir third of the tongue, in the 
manner more fully indicated on pp. 131 and 207. The third 
inner cleft produces the thj-mus body, while from the fonrtb 
results the lateral lobes of the thyroid body. 

The confignratdon of the fice, depending as it does so largely 
upon the development of the boundaries of the nose and of 
the mouth, is closely associated with the growth of the first 
pair of visceral arches, The earliest indication of the mouth, 
the oral pit, appears at about the tn'elfth day as a shallow de- 
pression on the ventral surface of the embryonic body be- 
tween the fore-brain vesicle and the prominence caused by the 
primitive heart (Fig. 48, 3 to o). This depression is deepened 
by the growth of the tissues surrounding it, as also by the 
flexure of the head, which occurs at the twenty-first day. In 
the third week, therefore, tlie oral pit is a five-sided fossa, 
being bounded above by the nasofrontal process, which has 
grown down from the elevation of the fore-brain, laterally by 
the maxillary processes, and below by the mandibular arches 
(Pig. 56,^). The pharjmgeal membrane, which consists of o[>- 
posed ectoderm and entoderm and which separates the primi- 
tive oral cavity from the gut-tnict ( Fig. 56, rh), ruptures at the 
time of the apjwarance of the thin! branchial arch. 

By the end of the third week, the communication lietween 
the yolk-sac and the gut-tract has become reduced to the 
relatively small vitelline duct. At the twenty-fifth day the 
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embrj'o presents a well-developed tail. By the termination 
of the fourth week the ynlk-sao has attained its maximum 
size, and the presence uf the somites is indicated by trans- 
verse parallel lines on the dorsal surface of the body. 

THE STAGE OF THE FETUS. 

This stage comprises the time between the beginning of 
the second month and the end of |)regnancy. 

Dnring the second month the rate of growth is far less 
rapid than in the precetling stage. The marked ciirvatiire 
of the long axis of the body gradually dimishes, the embryo 
assuming a more erect posture. Owing to the partial disap- 
pearance of the cervical flexui-e, the head becomes raised. 

Duriag the fifth week the vitelline duct is seen to be 
long and slender; the umbilical cord has become longer and 
mure spiral, and may contain a coil of intestine ; the abdo- 
men is very prominent, and in the neck-r^ion is a cliarac- 
teriatio dorsal concavity. At this time also the nasal pits 
become conspicuous as depressions situated on either side of 
the nasofrontal process (Fig. 56). The naBo&ontal process 
meanwhile undergoes difierentiation inttt tlie globular processes, 
which constitute the inner boundaries of the luisii! pit,^, and the 
lateral frontal processes, wjiicli limit these depressions exter- 
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nally and separate them from the depressions for the eyes, 
The misal pits are still iu communication below with the 
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primitive oral cnvity. The lacrimal groove is well-marked 
at this stage, and the pxternal auditory meatus is indicated. 
The mandibleB become united mesially at alwiiit the thirty- 
fourth day. The third and fourth gill-clefts have by this 
time disappeared in the cerviail sinaw, Tlie paddle-like llmb- 
budfl have lengthene*! and present, at first, a divifiiun into two 
segments, of which the distal is destined to become the hand 
or foot, while the pniximal (Jortion undergoes s^mentation 
a little later into the arm and forearm or thigh and 1^ ; by 
the thirty- second day, the hand, now showing different iation 
into a thicker proximal aud a thinner terminal part, exhibits 
the first traces of digitation, in the form of parallel longi- 
tiidimil markings which soon become gniovea and, later, 
clefts. The develo|)meiit of the upper extremities precedes 
that of the lotter by twelve or fourteen days. 

During the sizth Tcek the head assumes more nearly its 
normal j>osition, and for this reason the apparent length of 
the fetus is considerably increase^I, the dorsal ci>ncavity in 
the neck-region l>ehig almost obliterated; the rudiments of 
the erelidB and of the concha become recognizable, and the 
various parts of the face assume more definite shape. By 
the fDrUetli day the oral cavity has become separated from 
the nasal pits by the union of the nasofrontal process with 
the maxillary processes, and the external boundaries of the 
nostrils have become marked out by the meeting of each 
lateral frontal process with the corresijonding maxillary 
process. As a result of these changes, the nose, although 
still very broad, begins to assume characteristic form. 
During this week also the fingers are seen as separate out- 
growths, while in the Hevanth week the rudiments of their 
nails become evident. 

Toward the end of the second month — about the fiftieth 
to the flfty-tUrd day — the toes are just beginning to sepa- 
rate, the protrusion of the intestine at the umbilicus is at its 
maximum, the paljwbral conjunctiva se^tarates from the cor- 
nea, and the rudimentary tail Ijegins to disappear. 

The eighth week witnesses the total difiajjiwarance of 
the tree tail, the iormation of the septum that divides the 
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rioaca into the rectum and the jrenito-nrinary passage, and 
the presence of the projecting genital tubercle with the ac- 
companying genital folds and genital ridges. The external 
genitals as yet show no diatinction of sex. From the end 
of the second month to the time of birth, fetal growth is, in 
great measure, merely the further development of orgiins 
already mapped out; it is held by many authorities, there- 
fore, that if malformations are ever due to maternal impres- 
sions, such impressions could be operative only in the event 




of having been received prior to the eighth week of geata- 
tiou. 

During the third month, the face, although definitely- 
formed, still presents thick lips, a pointetl chin, and a rather 
broad and triaDgular nose. At this time the limbs are well- 
formed and assume a characteristic attitude, and the lingers 
and toes are provided with imperfect nails. The external 
genitals, which, until the close of the second month, pre- 
served the indifferent type, now begin to show sexual 
distinction. 

In the fourtli montli, a growth of fine hair, the lanugo, 
appears upon the scalp and some other parts of the body ; 
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the anus opens; the intestine recedes with io the abdomcD ; 
and the external generative organs present well-marked 
sexual characteristics. 

The fifth month marks the inauguration of active fetal 
movements and the apjiearance of a more plentiful growth 
of colorless hair. 

In tlie sixth month the fetal body becomes coated with 
the Tamil caseosa, a modified sebaceous secretion whose func- 
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tion is the protection of the epidermis from maceration in the 
amniotic fluid. The eyebrows and eyelashes also appear 
about this time. 

Tlie seventh month witnesses the appearance of the lanugo, 
or embryonal down, upon practically the entire surface of 
the body ; the testes of the male fetiia are in the inguinal 
canal or at the internal abdominal ring; and the nails 
break through their epidermal covering. Children born at 
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the end of the seventh month may survive, btit usually tliey 
do not. 

In the eighth month the lanugo begins to disappear. 

In the ninth month the testicles are foun<I in the srro- 
tum, while, in the c«se of the female, the labia majora arL- in 
contact with each other. The contents of the intestinal L'anal, 
the meconinm, consisting of intestinal and hepatic secretions 
mingled with epidermal eelle and hairu swallowed by the 
fetus, is now of a dark greenish color. The umbilicus is 
almost exactly in the middle nf the body. 

The weight of the fetus at full term is from 3 to 3.5 kilo- 
grams (from f) to 7 pounds), the average weight of the male 
child being about fen ounces greater than that of the female. 
While variations from these figures are not uncommon, state- 
ments of excessive weight are to be received with reservation, 
since it has been found, upon careful observation by eorape- 
t«nt authorities, that the weiglit of a new-born infant rarely 
exceeds ten pounds. The weight of the child, besides de- 
pending upon the physical condition of Iwth parents, is in- 
fluenced by the age of the mother, young women having the 
smallest, and women between the ages of thirly and thirty- 
five having the heaviest children ; by the number of previous 
pregnancies, the weight being greater with each succeetling 
pregnancy, provided the successive children are of the same 
sex and are not born at too short intervals ; and also by the 
weight (Gassner) and height [Frankenhaiisen) of the mother, 
the ratio being a direct one. Minot believes that these 
various influences operate chiefly by prolonging or abbreviat- 
ing the period of gestation, and that therefore the variations 
in weight at birth are referable to two principal causes — 
differences in tlie age at birth, and variations in the rate of 
intra-uterine growth. 

The length of the fetua at the time of birth is about 50 
centimeters (20 inches). 

The approximate age of an embryo or fetns may be esti- 
mated by the characters peculiar to each stage as above 
noted, and also by employing the rule formulated by Haase. 
According to Haase, up to the end of the fifth month, the 
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square of the age in months equals the length in centimeters, 
while after the fifth month, the length expressed in centi- 
meters equals the age in months multiplied by five. Thus 
a fetus of four months would have a length of 16 centi- 
meters; while one of six months would be 30 centimeters 
long. Hence, the age in months is the square root of the 
number expressing the length in centimeters; or, if the 
length exceeds 30 centimeters, the age in months is one-fifth 
of the length expressed in centimeters. 

Reference has been made in Chapter I., page 37, to the 
relation between conception and menstruation, and to the 
manner of estimating the age of the product of gestation, 
based upon this relation. 



CHAPTER VIII. 



THE DEVELOPMENT OF THE CONNECTIVE TISSUES 
OF THE BODY AND OF THE LYMPHATIC SYSTEM. 



THE CONNECTIVE TISSUES. 

The variously niudified furnis of counective tissue diatrib- 
ute»J throughout the body, including such diversifietl tJssuea 
as the blood and the lymph, areolar tissue, fibrous and elastic 
tissue, adenoid tissue, tenduii, mrtilage, bone, and dentine, 
as well as the connective- tissue stroma of various organs, all 
result from alterations affecting the middle gerni-Jayer or 
mesodenn. As pointed out elsewhere (Chapter III.), the 
inner and the outer germ-iayera are concerned io producing 
the epithelial structures of the iwdy (with tlie exceptioa of 
the epithelium of the greater part of the genital apparatus 
and of the kidney and ureter), the ectoderm giving rise not 
only to the epithelium of the surface of the body, but also, 
by processes of infolding, to such important structures as 
the central nervous system aud the internal ear, while the 
entoderm differentiates into the epithelial parts of the respira- 
tory and digestive systems with their associated glandular 
organs. 

The proliferation of the cells of the mesoderm goes band 
ill hand with the differentiations of the inner and outer germ- 
layers, so that t;ven at an early stage of development the 
middle germ-layer, besides having given rise to the mesothe- 
lium of the body-cavity and to the primitive segments, con- 
stitutes a loose aggregation of cells that fill the spaces be- 
tween the germ-layers and spread about the de\'eloping 
embryonic organs. This primitive relation of the meeo- 
dermic tissue foreshadows its future office as the supporting 
framework not only of the body, but of the functionally 
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active epithelial elements of the glands. Thus, the indifFei-pnt 
mesodermic tissue that comes to surround the notochord and 
the neural canal specializes into tlie spinal columii and the 
brain-ease ; while the parts of this tissue into which protrude 
the epithelial evaginations of the primitive alimentary cunul 
— as, for example, the evaginations which are the beginnings 
of its glandular oi^ns, the liver and the jwincreas — become 
intimately associated with these epithelial aaca and tubes to 
constitute the connective-tissue stroma and the vascular ap- 
paratus of the complete*! glands. All organs of the bwly, 
therefore, that have a connective-tissue constituent obtain it 
from the mesoderm. Owing to the varying degree of differ- 
entiation of the mesodermic elements in different localities 
there are formed tissues of widely different character. The 
most important fiictor in the production of these modifica- 
tions is (Ac alteration of the interceUvlar g^ibstanee, as to 
whether it remains soft and liomogeneous, whether it ac- 
quires a fibrillar or an ela.stic structure, or whether it l>e- 
oomes dense apd hard, as in the case of carlilage and bone. 
The ce/fe undergo conijuiratively little change, although, 
according to (he kind of tissue produced, thev come to be 
known respectively as conaective-tissne cells, tendou-cella, 
cartilage-cells, or bone-cells. 

The slightest degree of s[>ecialiisation results in the pro- 
duction of mncoas tissae. In this ease a reticulum is formed 
by the slender processes which the cells acquire, the spaces 
of the meshwork being filled with the semifluid or semi- 
gelatinous intercellular substance. 

A further alteration in the intercellular substance, whereby 
it acquires greater density and Ijccomes permeated by bun- 
dles of fibers, some of which are highly elastic, results in the 
formation of areolar tissue. Prepondenince of the non-elas- 
tic fibrous element produces white fibrous tissne, while elastic 
tisme, such as predominates in the ligamentum nuchte, is 
formed if the elastic fibers are in oscosa. Further increase 
in the density of the intercellular material, with its accom- 
panving conversion into bundles of non-«lastic fibers having a 
characteristic regularity of arrangement, produces the struct- 
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lire of tendon. When the intercellular substance gives rise 
to a scant amount of fibrous material and the cells become 
distended with oily or fatty matter, adipose tlesno results. 

A still greater degree of density of the intercellular '•uh- 
stance gives the matrix uf cartilage, the cells being enclosed 
in spaces, the lacunn, as the cartilage-cells. Partial diff'er- 
entiatioQ into either fibrous or elastic bundles confers the 
character of cither fibrous or elastic cartilage upon the 
product. 

Great condensatiiin of the ictercellular substance and its 
permeation with suits of lime, the cells being fixed in small 
spaces, results in the production uf oaseons tissue (see Chap- 
ter XVIII.). 

Blood and lympli may be looked upon as forms of connec- 
tive tis.sue in which the intercellular substanep is fluid, con- 
stituting the plasma, the cellular elements thus remaining 
free cells, the blood- or the lymph- corpuscles. The develop- 
ment of both lymph and blood from the mesodermic elements 
serves to bear out the comparison. 

The endotheliiun of the body is related with the connective 
tissues genetically as well as anatomically. Keference 1ms 
been made elsewhere to the changes which occur in the 
mesodermic cells that bound the body-cavity — the fissure 
between the two layers into which the parietal plate of the 
mesoderm splits — to constitute the mesothellum of the body- 
cavity. These changes consist in the flattening of the cells 
and their assumption of the characters of endothelium. 
Similarly, when other smaller clefts are formed In the meso- 
dermic tissue, clefts which may be the l>eginnings of small 
lymph-spaces, or of blood-vessels, or of bursal or articular 
cavities, the bordering cells of ihese cavities also assume the 
endothelioid tyi>e. 

The mode of development of the serous membranes and (}f 
the closely allied synovial, bursal, and thecal aacs may lie 
inferred from what has lieen said about the origin of the 
endothelium. The connective-tissue stroma of the niem- 
brane, u|M»n which the endothelium rests, is simjily a con- 
densed and ditferenliated lamella of connective tissue. 
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THE DEVELOPMENT OF THE LYMPHATIC SYSTEM. 

The solid elements of tlie lym])liatie tsysteni — the "lymph- 
glandB," the lymph- folliclefi, ;lik1 tlit diffuse adenoid tissue — 
as well as the thymus body anil the spleen, roHult from the 
specialization of mesodertuics cells, while the lymph-veBsela 
and the various lymph-spaces of the economy — that iii, the 
serous sacs, joint-cavities, bursal and thecal cavities, sub- 
arachnoid and Hubdnra! spaces of the brain and spinal cord — 
are developeil by vacuolation or hollowing out of the meso- 
derni. 

Definite knowledge is wanting as to many of the details 
of thp genesis of the lymphatic system. The various lymph- 
spaces precede tlie vessels and the adenoid tissue in devel- 
opment. 

The lymph-spaces result from clef^ in the mesoderm, the 
earliest formed antl most conspicuous space of this sort being 
the body-cavity or coelom. This large fissure develops, even 
before the differentiation of the body of the embryo, by the 
coalescence of numerous small cavities that appear within 
the middle germ-layer. The body-cavity acquires more 
definite boundaries by the alteration of the raesotlermic 
cells that border it into flattenetl endothelioid cells, the 
mesothelium of the body-cavity. When, in the progress of 
developinent, the diaphragm and the pericardium are formed, 
the body-cavity is dividc<l into the peritoneal cavity, the 
pleural sacs, and the pericardium. At a still later period, 
a diverticirJuni of the peritoneum protrudes, in the male fetus, 
through the inguinal canal into the scrotum to constitute the 
tunica vaginalis testis. The atomata of serous membranes 
are merely so many apertures of communication between 
the serous cavities, which are enormous lymph-spnees, and 
the lymphatic clefts contained within the stroma of tlie 
serous membrane, the clefts themselves being the begin- 
nings of lymph-vessels. 

The large lymph-sacs surrounding the brain and spinal 
cord, the subarachnoid and sub<lurol spaces, as well as the 
spaces within the capsule of Tenon and the sheath of the 
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optic nerve, and the i>eri lymphatic spaces of the internal 
ear similarly develop as vacuolations <»f the mesoderniic 
tissue. The same is tr<je of the joint-cavities, bnrsal sacs, 
Bheathsof teodons, and the small lymph- clefts fi>imd in tlie 
areolar tissue aud throughout most organs. 

The lymphatic vessels apjtarently develop, after the man- 
ner of i>loix!- vessels, from anastomosing cords of cells that 
are of direct mesodermic origin. Tliese solid cell-cords are 
afterward hollowed out, and thus become tubes. The endo- 
thelial cells lining the vessels are probably the metamor- 
phosed descendants of the cells of the original cords. The 
earliest lymphatic vessels formcii are the subcutaneous ves- 
sels, which are present in a human embryo of 2-3 cm.' At 
& somewhat later peritKl the deeper vessels appear. 

The lymphoid or adenoid tissue is produced at a later date 
than the vessels. Observations upon the human lymph 
nodes seem to have been confined to the inguinal and lum- 
bar nodes. The first indication of an inguinal node is seen 
in a 3 cm, embrj-o. in the shape of little aggregations of 
lymphoid cells that have migrated from the lymphatic cords 
or networks into a space hollowed out of the mesoderm. 
This nodule of lymphoid cells is isolated from the surround- 
ing mesodermic elements by a fissure or space except at one 
point, the future hUum of the node, where strands of em- 
bryonal connective tissue connect it with the parent meso- 
derm. The reticulnm of the node appears later, as does also 
the capsule, the latter of which results from the condensation 
of the surrounding mesoderm. 

The development of the spleen is considered with tliat of 
the atimentarv system becaus* of its relation to the evolu- 
tion of the peritoneum, while the account of the development 
of the thymus will be found In the chapter on the respiratory 
system. 

' O. Schullxc ' "Gnindrias der Entwifkelungt^esctiitrhte ilea Meoscheu 
und iler SaugecMere," Leipzig, ISiKT. 



CHAPTER IX. 

THE DEVELOPMENT OF THE FACE AND OF THE 

MOUTH-CAVITY. 

The evolntion of the face depends so largely upon the 
gro\vth of the parts concerned especially in the production 
of the mouth and nose that any account of its development 
must deal for the most part with the development of those 
structures. In tracing the earliest stages of facial growth, 
it will be well to consider the face as a whole before pro- 
ceeding to a detailecl description of its several parts. If we 
seek the principles underlying the conformation of the face, 
we shall find that its ajKjrtures and chief cavities are merely 
so many provisions for bringing the central nervous system 
and the alimentary tract into relation with the outside world. 
It will be seen, for example, that certain small depressions 
appear upon the surface ; that one of these, which is destined 
to become the mouth and the respiratory part of the nasal 
cavities, assumes relationship with the alimentary tract and 
with its offshoot, the respiratory system ; that other depres- 
sions, which subsequently develop into the olfactory parts 
of the nasal chambers, come into relation with outgrowths 
from the brain, the olfactory bulbs ; and that still another 
surface-invagination becomes the lens-vesicle, which likewise 
meets with an outgrowth from the brain to become a part of 
a peripheral sense-organ, the eye. 

The first step in the differentiation of the face is the for- 
mation of the oral plate, the earliest indication of the future 
mouth. The oral plate appears on the twelfth day, and con- 
sists of a small area of ectoderm and entoderm, the meso- 
derm being absent. It is situated on the ventral surface of 
lis 
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the head-end of the enibrj'o, which already presents the 
enlargienient of tJie cerebral vesicles. The oral plate beoomea 
relatively depressed by the uj^njwth of the surrounding 
tissues, the fossa thus produced constitiitiug the oral pit or 
stomodaam (Fig. 46). The oral plate i^ now the pharrngeal 
membrane {Fif;. 65). Reference to the sagittal section will 
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show that the oral pit corresponds in position to the head- 
end of the gut-tract. Tlie formation of the pit is, in effect, 
a piishing-iu of the surface ectoderm to meet the alimentary 
entoderm, 

A second important factor in the development of the face 
is the appearance of the firrt and second visceral arcJjes, 
which occurs in the third week. As pointefl out in a pre- 
ceding section, the first Tisceral arcli divides into the mandi- 
bnlar arch and the maxillary process (Fig. 51), the latter 
being the smaller and apjwnring to spring from the mandi- 
bnlar arch. Both the ma\illary processes and the mandi- 
bular arches grow toward the median line of tlie ventral 
surface of the body. Owing to the growth of these struct- 
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MTes aud to the sharp flexion of the head and neck that 
occurs between the twenty-first and the twenty-third day, 
the oral pit becomes very much deeper and acquires more 
definite boiindaries. During the third week it is a fossa of 
pentagonal outline. Its upjter boundary is formed by the 
unpaired nasofrontal or nasal process (Fig. 5ti, A), which is 
es-scntially a thickening on the ventral wall of the fore- 
brain vesicle, brought into close relation with the fossa by 
the flexion almve referred to. The lower boundary is formed 
by the mandibular arches, while the lateral extent of the fossa 
is limited by the maxillary process of each side. 

Soon atler the uppe&mnoe of the oral pit, the future nares are 
foreshadowed by the development of the two ol&ctory plates, 
situated one on each side of the nasofrontal process, widely 
separated from each other. These epithelial areas, whieh 
soon become depressions, the nasal pits, are closely uiiitetl 
with the wall of the fore-brain vesicle from the first ; they 
develop subsequently into that part of the nasal mucous 
membrane which is concerned especially with the sense of 
(tmetl. This fact becomes very significant when it is remem- 
bered that the olfactory bulbs, with wliich the olfactory epi- 
thelium assumes intimate relationship, are ontgrowtlis from 
the brain. 

The nasofrontal process, during the fifth week, becomes 
much thickciu'd along its lateral margins, forming thus the 
globular processes (Fig. 5fi, j1), which constitute the inner 
boundaries of the nasal pits. At the same time, there grow 
downward and forward from the nasofrontal i)roces8 two 
ridges, one on each »ide, the lateral front&l processes, which 
form the outer boundaries of the nasal pita (Fig. 56, A). 
In this manner the pits become mucli increased in depth. 
The lateral frontal process pn)jects between the nasal pit 
and the maxillary process, its lini? of contact with the latter 
structure being marked by a groove, the naso-optic fiurow or 
iMiimal groore. This groove later completely disappears; 
it is of importance, however, as indicating the position of 
the now developing nasal duct, which will be referred to 
hereafter. The nasal pits are witlely in communication with 
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the cavity of the primitive mouth. About the fortieth day, 
however, the extremities of the maxillary procesaea have 
grown so far toward the median line that they have met 
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and united with the lateral frontal processes and with the 
nasofrontal process (Fig. 56, B and C). In this manner 
the nasal pits bectime scjiarated from the oral fossa, each of 
these openings acquiring more definite boundaries. It ia 
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apparent from thi^ description that the upper boimtlary of 
the primitive ural cavity is not identical with that of the 
adult mouth. The nasoftostal process \s the forerunDer of 
the intermaxillary portion of tlit- up[)or jaw, including the 
corresponding part of tlie upper lip and of the nasal sep- 
tum and bridge of tile nose.' The lateral frontal process 
becomes the wing of the nose. By the completion of the 
changes here noted the face acquires more <listinotive form. 
It will Iw seen that the upper jaw proper results from the 
metamoi'phosis of the maxillary processes. The manner ia 
which ita sinus, the antrum of Highmoi'e, is added, as well 
as the ossification of the jaw, will be considered hereafter. 

The development of the eye will be described in con- 
nection with that of tiie sense-organs. In so far as the eyea 
have relation to the external form of the face, it will be suf- 
ficient to say that the surface ectoderm ia invaginated in the 
fourth week to form the leas-vesicle, this sac, which givea 
ri^ to the crystiUi lie lens, l>eing covered by two little folds 
of ectoderm, the primitive eyelids; that the organ is situated 
on the side of the head, in marked contrast to its position in 
the mature slate ; and that tlie naso-optic flirrow, previously 
referred to, passe.s from the inner angle of the eye toward 
the wing of the nose. The development of the face having 
been pointed out in a general way, the individual parts may 
be conaidered se{tarately. 

THE MOUTH. 

To review briefly, for the sake of convenience and clear- 
ness, the earlier history of the development of the month, 
we find the first step to be the appearance, at the twelfth 
day, of the oral plate. By the enlargement of the anterior 
end of the neural tube to form the cerebral vesicles, and by 

' Hfire-llp ia the liefomiily remltinR from fHiIiiro of union iKMWfeQ the 
nasofrontal and ihe mamillary procesieu. Sitice [he naaofrantal pracesa ia 
an impaired structure, in wliich develop the intermaxillary bones, and 
which nnitCH on either nide with the correspnndine maiillary process— the 
latter being the foreninner of the iipjier majilla proper — we have an 
explanation of the lateral position of harelip, Thi4 defect maj be, of 
roiirse, either uniltteral or bilateral. 



h 



THE MOUTH. 



123 



the development of the visceral arehes, this area becomes a 
depression, the oral pit. The pit is at lir»t bounded caudad 
by the cardiac prominence and cephalad by the fore-brain 
vesicle (Fig. 46). In the third week the oral pit becomea a 
five-sided fossa, owing to the growth of several new etruct- 
ures. These are the unjiaii'd nasofrontal process, which 
bounds tlie fossa above, the mandibular arches, which bound 
it below, and the maxiUair processes, which form the lateral 
boundaries (Fig, 56). The mnnilihnlar arches do not actually 
unite with each other until the thirty-fifth day. The angle 
between the maxillary pitHiess and tlie mandibular arch 
corresponds to the angle of the future month. In the sixth 
week — about the fortieth day — the oral fossa acquires a new 
upper boundary, which separates it from the nasal pits, by 
the growth of the maxillary and lateral nasal processes 
toward the median line to unite with the nasofrontal 
process. 

The primitive oral cavity, as before inentinncd, U at first 
seimrated from the gut-tract by the pharyngeal membrane 
(Fig. 55). This structure ruptures at some time during the 
fourth week, thus bringing the mouth into communication 
with the upjicr end of the gut-tract. The exact loc^ition of 
the pharjngcal membrane with reference to the adult pharynx 
is somewhat difficult to define; it is certain, however, that 
the primitive mouth includes more than the limits uf the 
adult oral cavity, comprising, in addition to the latter, the 
anterior part of the adult pharynx. Reference to a sagittal 
section, as in Fig, 55, shows the relation of the oropharj-ngeal 
cavity to the brain-ease ; in the tissue separating the two the 
floor of the cranium is subsequently formed. A little evagi- 
nation from a point (hp. Fig. 55) in the hack part of the 
primitive oral cavity Irecomcs the anterior jwrtion of the 
pituitary body or hsrpophysis, the posterior lohe of which 
develops as an evagiiiation fn)m the floor of the primary 
foi-e-brain vesicle. With the development of the floor of 
the cranium, the hypophysis l>ecomes entirely Isolated from 
the oral cavity. A little ponch or recess usually demonstrable 
in the median line of the roof of the pharynx of the child, 
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though not always present in the adult, is the persistent 
pharyngeal end of the diverticiilum that forma the hyjK)- 
physis; it is known as the pharyngeal bursa or Bathke's 
pocket. 

Very soon after tlie formation of the upper jaw in the 
manner above described, the oral surface of the jaw ]iresents 
two parallel ridges. Of these, the outer, whicli is the larger, 
develops into the upper lip, while the inner smaller ridge be- 
comes the gum. The li|i and gum of the lower jaw are pru- 
diiced similarly, at the same time or a little later. So far, 
the only demarcation lx.-tween the mouth and the nnsal 
cavity is furnished by tiie tissue representing the united 
nasofrontal, lateral nasal, and maxillary processes, the nui-es 
opening widely into the cavity of the mouth posterior to this 
partition. 

The formation of the palate, however, effects a separation 
between the two that gives to each space its permanent limita- 
tions. On the inner or oral surface of the ni)per jaw two 
ehclf-Iike projections api)ear, one on each aide, which are 
the rudiments of the future palate. These gradually grow 
toward each other, the tongue, which has meanwhile been 
developing, projecting upwanl lietwoen them. In the eighth 
week, union of these two lateral halves of the palate begins 
at their anterior extremities. By the ninth week union has 
taken plaee as far back as the extent of the future hard 
palate, and, by the eleventh week, the constituent halves of 
the soft palate have united also. As these two halves ap- 
proach each other the tongue recedes from between them, 
owing to the growth of the lower jaw, so that, when union 
occurs, that organ occupies its iioi'nial position wider the 
palate. Osweous formation within the soft tissue first formed 
produces the palate processes of the 5U|)erior maxillie and of 
the palate bones, which processes collectively constitute the 
hard palate of the adult. The iutennazilla.ry bones are 
formed within the primitive partition between the mouth and 
the nares. The completion of the palate definitely marks 
off the nasal chambers from the mouth, thus dividing the 
early oral cavity into a lower space, the true mouth, and an 
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upper region, which is essentially a part of the respiratory 
system. 

The UTola appears during the latter half of the third 
month as a gmall protuberance on the posterior edge of the 
soft palate.' 

The Teeth. — The teeth, morphologically considered, are 
calcified papilla! of the skin, capped by a layer of peculiarly 
modified and calcified cells of the epidermis. Although in 
man and the higher mammals the teeth are found only upon 
the gums, in certain lower types they have a much wider 
distribution, occurring upon the roof and floor of the mouth 
and in the pharynii, and also, in selachians, upon the general 
skin-surface, in which latter case they are so modified as to 
constitute scales. 

The dentine and cementnm of the toiith, as well as ita pulp, 
are derived from the meso<lerm ; the enamel is a direct de- 
rivative of tiie overlying ectoderraic epithelium. Alammals 
are said to be diphyodont, since they develop two sets of 
teeth ; while such groups as sharks, which continue to pro- 
duce and lose new teeth throughout life, are denominated 
polifphyodont. 

The development of the teetb is inaugurated in the sixth 
week of embryonic life by the multiplication of the epidermal 
cells covering the surface of the gums to form a linear ridge. 
The growth of the ridge is away from the surface, so that 
the new structure projects into the underlying mesoderm. 
This horseshoe-shaped ridge, which corresponds in direction 
and extent to the line of the gum, subtlivides into two 
parallel ridges, of which the outer marks the position of the 
future groove between the gum and the lip ; the inner is the 
dental Bhelf or dental ridge, which must be r^arded as the 
earliest indication of the future teeth. Tlie dental shelf 
extends into the underlying mesodermic tissue, not directly 

' Deficiuicy of union of Ihe halves of llie palule, resulting in a loedian 
fisanre. constitutes the deformity, drfl [lalnlf. Tliis deliciency miiy be 
timiied lo the hani i)r tn the soft pnlale, or it may affect both, or it may 
be seen in the utuIb, either alone — drft or biSd avula — or in conjonclion 
with cl^ft [lalale. 
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downward but in an oblique dii'ection toward the inner or 
lingual surface of the gum. While the dental shelf is grow- 
ing, its line of connection with the surface ectoderm is 
marked by the superficial dental groove, which at one time 
was looked upon as being the first evidence of tooth-forma- 
tion. 

Upon the side of the dental shelf op]>r)site the free or 
oral surface, individual protuberances develop, correspunding 
in number to that of tlie teeth of the temporary set — ten for 
each jaw. Each little projection consists of a mass of ectn- 
dermic cells, which soon becomes expanded at its deep ex- 
tremity, becoming thus club-shaped and later tliisk-s]ia])eil, 
and which is called the eti&mel-Bac or primitiTe enamel-germ, 
Bince tlie enamel of the tooth is tleveloiied from it (Fig. &7), 
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Meanwhile the continuity of the original dental shelf is 
broken by the di8ap)>earance of the cells in the intervals 
between the individual enamel-germs, each germ lieconiing 
thereby isolated from its neighbors. The neck of the flask- 
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shaped enamel-germ becoinee reduced to a slender etrand of 
cells and finally disappears, so that there is no longer any 
conneotiou between tlie enaniel-«ac and the ectoderniic cell.t 
of the free surface of the gum. While the enamel-sacs for 
the temporary teeth are growing in this manner, the corre- 
sponding structures for the teeth of the permanent dentition 
bud from the inner side of the dental shelf — that is, the side 
looking toward the tongue — except those for the three per- 
manent molars, which grow backward toward the articulation 
of the jaw from the position of the second temporary molar. 

Ah the enamel^rms grow downward into the mesodermic 
tissue, the latter sends up a uuniber of conical projections, 
the dental papilla, one for each enamel-organ. This dental 
papilla, of mesodermic origin, is the parent of the dentine 
and of the pulp of the tooth. When the dental papilla and 
the enamel-sac meet, tJie sac becomes invaginnted, its under 
surface assuming a concave form. The enamel-sac at this 
stage therefore is a double-walled cup which caps the dental 
papilla. It is at about this time that the connection of the 
enamel-organ with tlie surface ectoderm is lost. 

The further evolution of the enamel-organ consists essen- 
tially in the arrangement of its constituent cells into tliree 
layers and the formation, by the deepest of these three layers, 
of the special elements of the fully-developed enamel — the 
enamel-prisms. The most superficial stratum of the enamel- 
oi^n is composed of low columnar or polyhedral cells ; the 
deepest layer, that nearest the papilla, the so-called mem- 
brana adamantina, consists of beautifully regular columnar 
cells, the ameloblasts or adamantoblasts ; between the two is 
a group of less charactoristic epitlicliid elements. The cells 
of the deej) layer, the enamel-calls, arc alone concerned in 
the production of the enamel. The enamel-organ for a time 
covers the entire dental papilla. Puring the course of de- 
velopment, however, the growth of that part of it covering 
the future root of the tooth aborts, leaving the crown alone 
covered with the enamel. 

The first step in the formation of tlie enamel-prisms by 
the enamel-cells is tliat the protoplasm of the deep extremity 
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of each cell becomes homogeneous, and a tuft develops oa 
tlie end of the cell, projecting toward the papilla. By the 
calcification of this tuft the for- 
mation of an enamel-prism is 
begun {Fig. 58). The process 
of calcification continues to ad- 
,_f'" "■"^' va nee from the deep or (mpillary 

t—\,. -,j :i8j)ect of the enamel-organ toward 

t — \ /_ the surface. From this it comes 

abuuc that the newest enamel is 

, , ' ' next to the enamel-cells, or, in 

other words, nearest the surface, 
and also that the cnamel-prisma 
are arranged in a direction gen- 
erally vertical to the free surface 
of tlie tooth. The formation of the 
enamel of the milk-teeth l>egins in 
the latter part of the/o(fr(/i monOt. 
The middle layer of' the enamel- 
organ becomes greatly altered in 
constitution, owing to the accii- 
mel.tenam.ril^re!"'^, Mulation of fluid and to the re- 
denllne (raveraed bj- ihe deiillnal duction of its eells to the form 
iiMue of denui paputa. •>' *■>'" plates, tlie appearance 

being rather that of connective 
tissue than of an epithelial structure. The superficial layer 
of cells undergoes atrophy, their exact fate not being known. 
The atrophic renmant of the enamel-organ is found upon 
the free surface of the tooth for a variable time after its 
eruption, constituting the memhrane of Nasmjrth. 

The dental papilla has been referred to as the structure 
that gives rise to the dentine. It originates from active 
mtdti plication of the raesodcrmic cells. The number of 
papillie corresponds to the number of enamel-oi^ns. As 
the papilla grows toward the enamel-oigan it early acquires 
vascularity. The shai)e of the papilla, whether that of an 
incisor, of a canine, or of a molar tooth, is determined by 
the shape which the enarael-orgjin assumes. The connective- 
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tissue cells upon the surface nf the papilla assume distinctive 
character, Lcconiing large an<l branched, and constitute the 
eo-called odontoblastB (Fig. 68). They are virtually modi- 
fied osteoblasts. Forming a continuous layer, they have 
been styled the membrana eboria. Between this layer of 
odontoblasts and the enamel-organ a layer of intercellular 
substance ap^iears, the membraaa prDefonnatiTa. The mlon- 
toblasts now i^nd out pnwessea towaitl the enamel -organ, 
which are known as the dental processes. Calcification 
b^ns upon the surface of the papilla and progresses toward 
its center, but is not complete. Small uncalcified areas, cor- 
responding to the globular spaces of the completed tooth, 
remain next the enamel. The dental processes likewise fail 
to become cidcilie<l, and these are the adult dentinal fibers 
occupying the dentinal tubules of the finished dentine. The 
odontoblasts continue the formation of dentine until the den- 
tal papilla is entirely surrounded by it. What remains of 
the papilla, ui>on the completion of the tooth, constitutes the 
pulp, a highly vascular connective-tissue substance support- 
ing upon its surface the odontoblasts. The deposition of 
dentine begins in the latter part of the fourth month. 

During the metamorphosis of the dental papilla the meso- 
dermic tissue immediately surrounding it undergoes slight 
condensation to form the follicle of the develo])iug tooth. 
As the enamel-organ recedes from the surface, the follicle 
increases In extent to such a degree as to envelop the entire 
rudimentary tooth. Only that part of the follicle which 
covers the future root of the tootli is of subsequent Import- 
ance, however ; undei^oing partial transformation into true 
bony tissue, it gives rise to the cementum or crosta petrosa, 
while the unussified e.xternal fibrous layer constitutes the 
lining periosteum of tile alveolus (Fig. -57). 

The development of the permanent teeth 'fa precisely analo- 
gous to that of the milk-teeth. The enamel-germs for the 
permanent teeth, with the exception of the molars, bud from 
the lingual side of the dental shelf in the seventeenth week 
(Fig. 59), the germ for the first permanent molar appearing 
about a week earlier at the posterior extremity of the dental 
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shelf after the manner of a milk-tooth. The germ for tlic 
Becond molar buds from the neck of the first molar in 
the third month after birth, "while that of the third molar, 
the wisdom tooth, springs from the neck of the Kecond almut 
the third year. At birth, therefore, the gums contain the 
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two sets of teeth except the second and third permanent 
molars. 

The eruption of the temporary teeth begins usually at about 
five and a half niontiis after birth with the appearance of the 
central incisors, and is complete at from eighteen to thirty- 
six months, when the second molars are cut. The first teeth 
of the permanent dentition are the firet molars, which are 
erupted at about the sixth year. The accompanying table 
shows the time and the order of eruption of the teeth : 
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Tempos ABY Dentition. 

Central incisors 5j lo 7 months. 

lateral incisotB T to 10 montha. 

First molars 12 to 14 months. 

Canines 14 to 20 mouths. 

Second molars 18 toSSmontha. 

Permanent [Ientition. 

First molara Gth year. 

Central incisors 7lli year. 

Lateral indwini 6lh year. 

First premolars 9th year. 

Second premolarB lOth year. 

Canines. lllh to 12th year. 

Second molars 12th to 13th year. 

Third molars (wisdom taeth) ..... . 17th to 2]»t year. 

The Salivary Glands. — The salivary glauda, which in 
nianiiiials consist of three pairs, the parotid, the anbm axillary, 
and the snblingnal, develoj) aa outgrowths of epithelium 
from the lining mucous membrane of the mouth. The 
epithelial elements of the glands are therefore of ectodermic 
origin. The growth of the submaxillary gland begins in the 
Bixth week, that of the parotid in the eighth week. E^ob 
epithelial outgrowth is at first a solid cylinder, which under- 
goes repeated branching and acquires a connective-tissue 
framework and capsule from the surrounding mesoderm. It 
is not until the middle of tW fifth month that the lumen of 
the glaiul appears. This is brought about by the moving 
apart of the epitliclial cells composing the cylinders and 
their branches. The main duet of the gland first becomes 
hollow, then its branches, and finally the lumina of the 
alveoli make their apjiearance. The respective sites from 
which the several ghmds grow correspond in a general way 
to the positions at which the ducts of the adult glands open 
into the mouth-cavity. 

The Tongue. — Although the tongue originates from 
tissues belonging really to the walls of the pharynx, its de- 
velopment may be conveniently considore<l in connection 
with that of the mouth because of its relntions in the mature 
oi^nism. This organ, composed chiefly of muscular sub- 
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stance, is formed from three originally separate parts, an 
anterior unpaired fundament, and two posterior bilaterally 
symmetrical segments. Tlie line of union uf these three 
parts is indicated approximately in the adult organ by tlie 
V-shaped row of circumvallate papillse on the dorsum of the 
tungUG, The anterior part of tlie ton^rue develops from a small 
uiipaired tubercle, the tnberculum impar, which grows from 
the median line of t!ie floor or anterior wall of the pharynx 
between the first, or mandibulur, and the second, or hyoid, 
arch (Fig, 60, 6). The posterior segment of the tongue results 
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from thegrowing together of two lateral halves, which develop 
from the anterolatcnd walls of the pharj-ns at the position 
of the second and tiiird visceral arches, but not from the 
arches themselves. These ridges are sometimes described as 
the fused anterior (ventral) extremities of the arches just 
mentioned. The unpaired tubercle increases in size to such 
an extent as to constitute the major part of the organ. In the 
median line of the anterior wall of the pharynx, immediately 
behind the tuberculum impar, the epithelial lining of this 
cavity pouches forward and downward to develop later into 
the middle lobe of the thyroid body. As the ridges which 
are to form the posterior part of tlie tongue lie latendly and 
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posteriorly to this median evagination, they cuDiplet«ly en- 
close it in the process of fusing with cacli otlicr and with the 
anterior tubercle. In this manner a l-uuhI or duct i^ formed 
leading from the surface of the tongue at the angle of junc- 
tion of its three segments down to the middle lobe of the 
thyroid body, tJie latter meanwhile having descended from 
its original position. This cunal is the thyroglossal duct or 
canal of His. During the further progress of develnpmont. 
the cunal suffers obUteratioo, its only vestige being the orifice, 
which is known as tiic foramen cscum of adult anatomy. 

The papiUse (if the tongue are found exclusively ou the 
part derived from the tubereulum impar ; the line of union 
between the anterior and posterior parts lies therefore behind 
the row of circumvallate papillae. The papillie begin to 
make their apjiearanoe as early as the beginning of the third 
month. 

Prior to the union of the two lateral halves of the hard 
palate, by which tiie primitive oral cavity is divided into the 
mouth proper and the nasal chambers, the bjngue projects 
upward between the palate-shelves, almost completely filling 
the primitive mouth. As the pa!a(e-shelvea approach each 
other, however, the tongue gradually recedes to its subsequent 
normal position. 

THE DEVELOPMENT OF THE NOSE. 

The noso being an organ of special sense, its development 
is described in connection with that of the other special-sense 
oi^ns in Chapter XVI. Owing, however, to its important 
relation to the other parts of the face, it is desirable to refer 
to its evolution in this comieetion. For a more detailed 
account, the reader is referred to Chapter XVI. 

The first indication of the organ of smell is in the form 
of the two patches of thickenetl ectoderm, the nasal areas or 
olfactory plates, which appear on the headward pidp of llie 
oral foiisa in the third week of drveJopmcnt. At the end of 
the fourth week the areas are deprcf-sed and constitute the 
nasal pits (Fig. 56, A). The nasofrontal process, a mass of 
thickened mesoderniic tissue, lies between them. During the 
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lifth week the lateral edges of this proceiit! become thick und 
rounded, forming the two globular processes, while growing 
outward and downward from tlie sides of its base are the two 
lateral nasal or lateral frontal processes. Thus the nofial pits, 
which corrcs|>oiid witli the pfjsition of the future anterior 
narea, become bordei-ed ou tlie mesial side by the globular 
processes and on the outer side by the lateral nasal processes. 
Below, the pits are continuous with the oral fossa. Owing 
to the continued growth of these masses the pita gradually 
become deeper. The lateral nasal process is sejmrated ex- 
ternally from the maxillary process of the first visceral arch 
by a groove, the naso-optic fmrow. The lower extremities of 
the maxillary and lateral nn.'^l processes soon unite with each 
other and advance touard the median line below the nasal 
pit. In the latter part of the sixth week they unite with 
the nasofrontal process and tlius separate tlie nasal pits from 
the oral fossa and furnish the basis of the upper lip. The 
nasal pits are now the anterior nares, and t)ie noBe is repre- 
sented by the irregular masst's of tissue surrounding them. 
While the orifices of the nares are separated from the orifice 
of the primitive oral cavity, their deeper jiarts arc continuous 
with the latter, there being as yet no hard or soft palate. 

In the eighth week the nose first acquires definite form, 
owing to the continued growth of the masses of tissue re- 
ferred to above. The nasofrontal process forms the bridge 
of the nose with the nasal septum, and idsotlie intermaxillary 
part of the superior maxills! and tlie connective-tissue parts 
of the upper lip. The lateral frt)ntal process becomes the 
ala of the nose. The nose is still ver)- broad and flat in the 
third month, af^r which time it gradually assumes its char- 
acteristic form. 



CHAPTRR X. 
THE DEVELOPMENT OF THE VASCULAR SYSTEM. 

Tub vaacul&r syBtem, including the blood, the heart, and 
the l)lood- vessels, begins its development very earlv in em- 
bryonic life. 

While the heart is formed within the body of the embrj'o, 
tbe blood uiid the earliest blood-vessels have their origin in 
an extra-embryonic structure, the yolk-sac. It is "note- 
worthy that all parts of the vascular system proceed from 
mesodermic tissue, the heart and the vessels originating from 
clefts within this structure, and being lined, therefore, with 
endothelial cells. 

In correspondence with tbe varying relations which the 
embryo sustains toward the fet^il appendages at different 
times, its circulatory system is distinguished .successively 
by certain special features. Thus, during the acti\'ity of 
the ynlk-sac as an organ of nutrition, the vitelline circulation 
is present ; following and supplanting this is the allantoic 
drcnlatioti, which latter, in turn, gives jilace to, or, in fact, 
becomes the placental system of vessels. 



The seat of the first formation of the blood-vessels and 
of the blood is the wall of the yolk-sac, entirely outside of 
the body of the embryo. The wall of the }'olk-sac, the 
reader may l>e reminded, consists of the extra -embryonic 
Bplancbnopleure covered with a part of the somatopleure. 
The mesodermic layer of the s«ic eshibita— at the end of the 
first day in the chick — a network made up of cords of cells. 
Interspersed throughout this network, as part of it, are 
groups of mesodermic cells known as the blood-islands of 
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Pander. Soon the cords composing the network become 
hollowed out so as to constitute uii anastomosing retioulum 
of vessels, the cells wliich are to compose the walls of these 
vessels meanwhile ac(|Hiring the endothelial type. The re- 
maining component cells of the blood- is lands coincidentally 
andergo partial disintegration and liquefaction, by which 
their nuclei are set free. These nuclei, surrounded by a 
very small and inconspicuous envelope of protoplasm, are 
the primitive red blood-coipuacleB and are, during the firet 
mouth, tlie only corpuscular eicnieuts that the fetal blood 
oontains. They differ essentially from the adult red cor- 
puscles in the fact of tlieir being nucleated. .Their shape is 
at first spherical or spheroidal. Subsequently they entirely 
disappear. Other cells are added to the blood during the 
Recoitd month and afterward. Without discussing the un- 
eettled question of the origin of the adult blood-cells — the 
red and the white corpUHcIas and the blood-plaqueB — it may 
be pointed out in passing that the liver is a very important 
source of the red corpuscles during fetal life. 

Limiting the first network of ves,?els on the surface of the 
yolk-sac is a circular vessel, the Binus terminalis (Plate VI.). 
Since the yolk-sac is relatively so large that the body of the 
embryo appears to i-est upon it, and since the surrounding 
eomatopleure is translucent, a surface view of the ovum at 
this stage show.* a vascular zone encircling the embryonic 
area and the later body of the embryo. This zone is the 
area vasculosa, or vascular area, the seat of the earliest for- 
mation of blood and of blood-vessels of the embryo. 

The vessels, by a process of budding, grow from the \as- 
culur area along the vitelline duct into the body of the 
embryo. Here they take their course toward the primitive 
heart, which has meanwhile been developing. From the 
anterior and posterior and lateral limits of the vascular area 
— using these terms with reference to the axis of the em- 
bryonic body — four pairs of vitelline veins converge toward 
the vitelline duct and unite to form the two vitelline or 
omphalomesenteric veins. These veins, ai'ter entering the 
body of the embryo, pass beadwanl along the wall of the 
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intestinal tube and empty intn the lower or caudal end of 
the primitive heart. The trunks which are to constitute the 
vitelline arteries, after entering the body with the vitelline 
duct, pae,s upward along the dorsal body-wall, within the 
dorsal mesentery, to become continuous with lat^ arterial 
trunks that have proceeded from the primitive heart. 

The large trunks referred to are the Tisceral-arch vessels, 
which unite to form the primitive aortje. The visceral-arch 
vessels (see Fig. 49) are a series of five pairs of arteries that 
arise by a common stem, the trnncua arteriosus, i'rom the 
upper end of the primitive heart. Tliey pass along the 
respective visceral arches toward the dorsal surface of the 
body where all the vessels of one side unite into a common 
trunk, the primitive aorta. The two primitive aortae, pass- 
ing caudalward in the dorsal mesentery, give off, as their 
largest branches, the two omphalomesenteric or vitelline 
arteries above referred to. The development and tlie re- 
gressiou of the viseeral-arch vessels correspond with the 
growth and the decadence respectively of the visceral arch&s. 
Not all the vessels are present in a fully- developed condition 
at any one timp, the first ])air having begun to atrophy before 
the fifth pair makes its appearance. The metamorphosis 
into certain adult vessels of such of them as persist will be 
considered in a later section. 

This system of vessels constitutes the vitelline circulation, 
the manifest function of which is to convey nutritive mate- 
rial from the yolk-sac to the embryo. While the vitelline 
circulation is of great imjwrtanee in any ovum provided 
with abundant nutritive yolk, Buch as that of the bird, it is 
of comparatively slight c«.>nsequcoce in man and the other 
higher mammals, and it must be regarded as a vestige of the 
avian or reptilian ancestry of the mammalian ovum, or, at 
least, as a reminder that the mammalian ovum was originally 
provided with an abundant yolk. It must be home in mind, 
however, that the mammalian blastodermic vesicle imbibes 
from the walls of the uterus a richly nutritive albuminous 
fluid, which may be taken up later and carried to the em- 
bryo by the vitelline circulation. This system of yolk-sac 
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vessels disappears with the regressiou and disappearance of 
tlie yolk-sac— in the human embryo at about the fifth wet'k. 

To render the comprehension of the later phases of the 
voHCiitar system more simple, their coni^ideration is deferred 
until the development of the heart shall have been described. 



THE DEVELOPMENT OF THE HBART. 

The heart, when studied in the lower-type animals, is 
seen to be morphologically a dilated and specialized (lart of 
a vascular trunk embedded in the ventral mesenterj-. In 
man, the first fundament of the heart appeai-s at a very early 
jjeriod — namely, before the splanchuopleure has folded in to 




pean; a, embrTonio aren «lih Ihe gcrm-niemi 
Bdv&nced tUge, the splanchaopleuru partly fotd< 
III lo form gul-lnct, the two heart-tutwB fuaed Inl 



I Id; (7. aplanchnopleure folded 
one(KnerStrahl). 



form the giit-tract, or, in other words, before the end of the 
second week. This fundament, in all higher vertebrates, is 
bilateral, having the form of two tabes produced by vacuola- 
tion of the splanchnic mesoderm and lying widely separated, 
one in each half of the still spread out splanchnopleure 
(Fig. 61, A). A transverse .section through the future neck- 
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region of a sheep- or rabbit-«mbryo ehowa the tubes oat 
across, since their long axes are parallel with that of the 
body (Fig. 62). With the folding in of tlie splanchnopleure 
and the union of the (nlges of ita folds, the tubes are carried 
toward each other, and subsequently, by the disappearance 
uf the tissue intervening between them, their cavities become 
i>ue (Fig. 61, B and C). After the formation of the gut- 




tract, therefore, and the simultaneotis appearance of the 
ventral body-wall, the heart-fundament is a single stralgbt 
meBodennic tube, situated in the plmryngeal region, in close 
relation with the ventral wall of the body, between the latter 
and the f<ire-gut. Reference to Fig. 61, C, will show that 
the heart-tube is separated from the biHiy-eavity (or Cffilom) 
on each side by a layer of th« mesoderm, an<l that these two 
layers connect the heart dorsally with the gut^tract and 
ventrally with the body-wall, forming respectively the meso- 
cardium anterins and the meBacardinm posteiius. The^^e folds 
temporarily divide the upper |jijrticin of the body-cavity into 
two lateral ])arts. 
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The diaappearauce of the stratum of mesoderm imme- 
diately surrounding tlii; Iieart-tube and the diiferentiation 
of the tissue limiting peripherally the space thua formed, 
results in the production of a second larger tube enclosing 
the firat. The cells of the out«r tube become sjKtciulized 
into mnscle-cella, which are to constitute the future heart- 
muscle, while those of the inner cylinder flatten and assume 
the endotlielioid type to become the endoc&rdium. The growth 
of centrally projecting processes from the mnscidar wall and 
the outpocketing of the endothelial tube to cover these 
processes and line the .spaces enclosed by them foreshadow 
the spongy character of tbe inner surface of the adult heart, 
with its columnae camase and mascnli peddnati. It is signifi- 
cant, as showing the contractility of undifferentiated proto- 




Pio. ftS.— UUKrann tnuatratlng arranBi-ment of primitive heeit and aortlo 
Hhe* <mcid[l!ed Itom Allvn Ttiomgoa) : 1, vllelUae velna retamlng blood tram 
ucuUr krea; 2, renoiu aesmeDl of heart-tube: S. prlmlUre rantricle: 4, trunciu 
tednaiu : b, b, upper and lower primitive aoitic : y, G'. continuation of double 
irtiE ai veuela to caudal pole of embrro ; 6, vIlGtIIne arl«r!e« returning blood to 



plasmic cells, that the heart begins to pulsate even before 
the appearance of any muscular tissue in its walls. 

The upper end of the heart>tube tapers away into the 
tnmciiB uteriosus (Fig. 63, 4), a vessel which bifurcates into 
the first pair of visceral-arch vessels, while its lower ex- 
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tremity receives the vitelline vei/s above referred to. Ex- 
cessive growth in length],«ach end of the tube being more 
or less fixed in positi^, aSCessitates flexion or folding, the 
form which the hcartjKbe asaumes in consequence being that 
of the letter S placed obliquely (Fig. 64, A). The venous 




b, primllJTe venlrli^le: t, vvmiui si:ttniun(. i). heart of human vmbryo nf about 
S mm. (Hlsl ; o, tnincus arteriosua ; b, tbdous seginenl (beblndl ; (, primltiTB ven- 
tricle (Id troat). 

limb of the S lies caudad and toward the left, tlie arterial seg- 
ment being directed headward and toward the right, so that 
the two lie almost in the ^ame coronal plane. These rela- 
tions are soon altered by such a rotation areiind a longitudinal 
axis that the venous part of the heart comes to lie nearer 
the dorsal wall of the body, with the arterial portion ventral 
to it, both being brought at the same time into practically 
one transverse plane by the headward migration of the 
venous, and the tailward migration of the arterial, moiety. 
At this time the heart is relatively so large, and the ventral 
bo<ly-wall eovering it so thin, that the organ appears as if 
situated outside of the embryo's body (Fig. 51, p. 104), 

Simultuiieoiisly with these alterations in position, the ar- 
terial part of the heart is being marked off from the venous 
segment by a transverse constriction, the former becoming the 
ventricle, the latter the auricle or atrium (Fig, 64, A). The 
narrow cumnuiniralion i)etwe*n the two is the auricular or 
atrioventricular canal, which soon arquircs the primitive 
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atiioTentricuIar valves. The tninciis arteriosus becomes de- 
limited from tlm ventricle hy ii circular constriction, the 
fretum Halleii, the proximal jmrt of the truuciis arteriosus 
dilating somewhat to constitute the bulbiis arterioBiu. The 
truncus arteriosus divides into the visceral-arch vessels, as 
pointetl out in the last soctiuii. 

The Metamorphosis of tlie Siiig:Ie into the Doable 
Heart. — The heart with but <»ne vuntricle ami one auricle or 
atrinm is found not only during the early periods of develop- 
ment in all air-breathing vertebrates, but is the permanent 
condition in fishes. In the development of the individual, 
as in tlie evolution of the higher vertebrate type, the apjjear- 
ance of the lungs, which replace the branchiic of fishes as an 
aerating apparatus, is accompanied by a division of the heart 




Fro, 65,— A, bcaii of human embryti of Hbout 4.3 Dun. (Hie) : a. Htrium : b. pur- 
»19n of atrluin cornapoiiding witb miricular Bppeiidttge ; r, ItuucUB arterloBUt : i(, 
aurlvular CBoa] ; r. primitive vcntriplo. I), hciirl of biimaii I'mbryn at alxiut tlie 
fifth week IHIi): 0, left auricle: b, right auricle: c, truacus anerloBUB; i/, iulvi- 
Ti'DtrlcnlBr grooTe; e, rluLit ventricle ; /, left venlrlcle. 

into right and left halves for the pulmonary and the general 
systemic circulation respectively. 

The diviBion of the human atrium begins in the fourth veek 
with the growth of a perpendicular ridge from its dorsal and 
cephalic walls (Fig. 66, B), which extends towan! tlie cavity 
and nltimately divides it into right and left auilcleB (Fig. 65). 
The atrioventricular canal, with its anterior and jwsterior 
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ridgea or valves, shares in this partition, becoming thereby 
the right and the left auriculo ventricular oriHces. The 
separation iif tlie atrium, however, is not complete, since 
there remains in the septum an aperture, the foramen ovale, 
which persists until hirth or shortly after.' 

The diTiBioa of the ventricle, which follows that of the 
auricle and which is completed by the seventh week, is firat 
indicated by a vertical groove, the boIcub interrentricalaris, 
seen on both the dorsal and the ventral surface (Fig. 65). 




Tia. K,—k, iMetlOD of lieart of hUDUn 
■piirium: h. tnleraurkul&r iiepluta: f, cinulU 

f. left auricle: /, auricDlar cnnnl ; g, rl^ht reDlricle; A. InlerreQlrfcular septum : 
', left ventHcte. D, section of heart af hunian embryo Df about the flnh wceh 
(Bill: □. leplum npurium; b. auricular acplum; c, qpenliiK of ilnun rcunlena 
(leader pniaet through (Ocamen ovale); d, right alrliini; e. IcR atrium: /, Htplum 
Inlermedlum ; g, right ventricle ; *. ventrioular sepluni ; (, left ventricle. , 

From the internal surface, corresponding to the iv),sitiou of 
the sulcus, a metlian centrally projecting ridge appears and 
develops into a septum, thus producing the right and the left 
ventricles (Figs. 6fi and 67). 

The tnmcus arterioans, after having become somewhat flat^ 
tened, by the growth of a vertical septum, or partition (Fig. 

'Occasionally the foramen avnie remains patulous for several weeks or 
months after birth ur even ihroURliint life. As lliis tnndi lion iil lows the 
vennuB blood to mingly with the arterial, ilie nurfuce of the IkhIv i,i liliiidli 
or cyanotic, anil a child thus nflect^d is aaid (o be n " biui; buhy." 
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67, a), is divided into the aorta and tiie pulmonary artery. 
Though the tliree septa referreJ to develop independently of 
each other there ie sncli correspondence Ijetwt'en them, as to 
position, that the effect is as if they constituted one coDtin- 
uous structure. 

Before tlie division of the atrinm into the auricles, its 
walls pouch out on each side to form the auricular appen- 
dageB, one of which belongs to each future auricle {Fig, 65). 
While it is still a straight tube, the heart receives at its 
venous extremity the two vitelline veins. Subsequently this 
particular part of the atrium is distinguishetl as the amns 
venoBua or Binus reuniens, thi» being a short thick trunk into 
which empty, in iidditioii to the vitelline veins, the ducts of 
Cuvicr and the umbilical veins. The mouth oi" the sinns 
veuosus is guarded by a valve comijosed of two leaflets. In 
the division of the atrium the sinus venosus falls to the right 
auricle, while emptying into the left auricle is the single pul- 
monary vein, whicb is formcfl by the union of the four pul- 
monary veins. Still later, the sinus venosus is merged into 
the wall of the right auricle, and hence the venous trunks 
above mentioned empty by separate orifices into its cavity. 

The left leaflet of the valve at the mouth of the sinus 
venosus becomes atrophic ; the right divides into two pjirts, 
one of which becnmes the Eustachian valve at the orifice of 
the inferior vena cava, while the othiT forms the valve of 
Tbebeaiiis, or the coronary valve, at the opening of the coro- 
nary sinus (the latter being the jier.sistent lower end of the 
left duct of Cnvier), The Eustachian valve serves to direct 
the blood from the inferior cava through the foramen ovale 
BO long as that aperture is present. The single pulmonary 
vein is in like manner incorporated in the wall of the left 
auricle, the four pulmonary veins in consequence acquiring 
separate openings into that cavi^. 

The Valves of the Heart. — Before the division of the 
atrium and the ventricle into right and left halves, the atrio- 
ventricular canal has the form of a transverse fissure, each 
lip of which is thickene<l into a ridge (Fig. 67, A), These 
ridges or endocardial cushions are tlie primitive valves. 
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When the atrial partition grows down and the ventricular 
Heptum grows up, their free edges meet and unite with the 
ridges, each ridge being thereby divided, on its atrial surface 
by the atrial or interauricular septum, and ou its ventricular 
a3]>ect by the ventricular septum, into a right and a left half 
(Fig. U7, B). Since the ridges, at their jtoiuts of union with 




Fio, ffJ.— Two diagrann (after Bnrm ti 
reliitlan* or the itHervontrlculsr orltite and thtr oillum inltrveiitri 
u the divlrion of the venlrlde and Urge erlerles. The vcnlrlclea >i 
have been divided into haWea; one looka Into the ixiaterlor (donal) halvee, In 
which, moreover, the cardlto trsberulfe, etc., have been omitted for the uke of 
■ImplIfylDg the view. A. henrt uf en embryo nbbll, In which the ho»d Is a.j-S.n 
mm. long. The ventricle )■ <l[vlded by the lentrleular partition (ti) Into a left 
and a Tight bsir si br as the ititervculrlculai orlHce [Oi). Tbe right end of the 
foramen nlrloTentrieulare commune (F.ne, c) exlendg Into the ri(tht vciitrlele: the 
endocardial cuBhtom (o.et. u.rt) are developed. B. heart of an embryo rahh II, 
head 7.5 mm. long. The endocardial cuahlons (o.et, u.el:) of the foremen atrloven- 
Iriculare commune arc fused, and thereby the foramen alriovenlriculare commune 
ti now leparatcd Into aniramcn alriovenlrlculare dextrnm {F.av. d) and alnlalrum 
(/'.«.(). The ventricular parlldou <taj has llkewtee f\ued with tbe endocardial 
ouahlonl, and haa grown forward aa Ikr fu the partition fl of tbe truncua arterlo- 

tnm membranaceum U tonntd; rt, right. It. left ventricle; t«, ventrlcuUr partt- 
Uon: Pu. arteria pulmonalla: jId, aorta: (, partition of Ihv Iruacun urtcrlosUB ; 01, 
OAlliini InlervGotrlcularc : F. av. e, fomuien atrlovunlriculare commune; F. nu. it 
and F.av.t, fnramen alrloventriculare rleilrum and ilnlatrum; u.tk. u.itk, upper 
and lower endothcilnl or endocardial coBhloiui. 

the septa, fuwe likewi.se with each other, the original orifice 
is bisected into the right and left amicQloTentricular a.per- 
tnres, the only valves of which are the ridges or cushions in 
question. 

To trace the further development of the fully formed 
valves, it will be neceai-ary to consider the changes which 
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now take place in the walls of the lieart. It has l)een seen 
that tile iuner surface of the heart acquires a spcngj- or 
trabecular structure at a very early stage by the iuward pro- 
jection of muscular proce.aaes from the outer tube aod the 
pouching out of the inner endothelial tube to c-over the^e. 
The wall of the ventricle in consequence is relatively very 
thick and is made up largely of a network of fleshy columns, 
the ai>aoes of which network are lined with the endocardium 
(Fig. 68, ^1). While the outer stratum nf the ventricular 




CBeiitatlon of the frtrmalioi 
TBlvLtt A. earU r. B. later candltinn (ancrOeg^nluiur); isit. m 
mt'. Ihc prtmUfve part of the Biune; tW, chorfit tendlupK; r. ei 
de: A. Irabcrulnr niitwork of chrILhc mUBGUlatuii:: iim. paptllBi 



wall now becomes more compact by the thickening of the 
trabeculie — and, to some extent, by their ooalescence — the 
trabcculie in the vicinity of the atrioventricular valves di- 
minish in thickness and lose their muscular character, being 
replaced by thin connective-tissue cords (Fig. 68, B). Tliat 
part of the ventricular- wall which surrounds the atrioven- 
tricular orifice and to which the endocanlial cushions or 
primitive valves are attache<I, likewise becomes deprived 
of muscle-cells, the remaining connective tis^sue assuminjr 
the form of thin plates. These plates, with the former 
endocardial cushions atlachec! to their edges, constitute the 
petmanent auriculorentriciilar valve-leafletB. The strands of 
connective tissue mentioned aiiove as remaining after the 
degeneration of certain of the muscle-trabeculie are the 
chords tendineffi of the adult heart. Attached at one end 
to the valve-leaflets, their other extremity is continuous 
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with trabeciilic that have remained muscular, the adult mus- 
ciili papUlares. 

The semilunar Talvea of th« aorta and pulmonary artery 
appear when the trunciis arteriosus divides to form those 
vesselh. Tlie orifice of the trunciis arteriosus is provided 
with a valve having four leaflets (Fig. 69, A). By the di- 
vision of this vessel into the pulroonary artery and the aorta 
(Fig. 69, B and C), the lateral leaflets are bit«cted, the ante- 
rior half of each, with the anterior leaflet, going to the ante- 
rior vessel— tlie pulmonary artery — while each posterior or 
dorsal half, with the dorsal leaflet, falls within the orifice of 
the aorta. The i-eaulting disposition of the segments of the 
aortic and pulmonary valves is such that, in the aorta, two 
leaflets are situated anteriorly and one posteriorly, while in 
the case of the pulmonary artery these conditions are reversed 
(Fig. 69, 0). In the fully develojied heart, however, it ia 
found that the aorta has two posterior leaflets and one ante- 
rior, and that the pulmonary artery presents one posterior 




and two anterior segments. In the division of the trunciis 
arteriosus, the anterior half, or the pulmonary artery, falls 
to the right ventricle, and the posterior trunk, the aorta, to 
the left ventricle, the two ventricles lying side by side. In 
order, therefore, that the ventricles may acquire the relative 
positions which they hold in the iidult there must be such a 
rotation that the left ventricle comes to lie behind the right. 
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This rotation of the heart from right to left necessarily alters 
the relation of the pulmonary artery, causing it to lie not 
directly in front of the aorta, but in front and to the left. 
If one conceives of a rotation of the two vessels from right 
to left through an arc of 60 degrees around a vertical axis, 
the altered relation of the pulmonary and aortic leaflets be- 
comes at once intelligible (Fig. 69, C and D). 

THE ALLANTOIC AND THE PLACENTAL CIRCULATION. 

The development of the allantois and its accompanying 
system of blood-vessels is simultaneous with the decline of 
the yolk-sac and the vitelline circulation. Since the allan- 
tois is an evagination from the gut-tract (see p. 80), it is a 
splanchopleuric sac, its walls consisting therefore of an ento- 
dermic aud a mcsodennic layer. Blood-vessels develop 
within the mesodermic stratum as extensions or branches 
of previously existing intra-embryonic trunks. These ves- 
sels are the allantoic arteries and veins. The two allantoic 
arteries arc branches of the primitive aorta and leave the 
body of the fetus, in comfiany with the neck of the allantois, 
at the umbilicus. Having reached the peripheral part of the 
allantois, they break up into a capillary plexus, the extension 
of which into the villous processes of the false amnion com- 
pletes the union of that structure with the allantois to form 
the true chorion (Plate III.). 

The two allantoic veins develop pari pasfiu with the arteries 
and convey the blood from the cli(»ri()n to the fetus. En- 
tering the body of the fetus throujjh the still large um- 
bilical aperture, they find their way along the intestinal tnl>e 
to the septum transversum — which structure may be regarded 
as the primitive diaphragm — to the region of the heart, 
where they oj)en into the ducts of Cuvier. Each duct of 
Ouvier (Fig. 72, A) is formed by the union of the primitive 
jugular vein with the cardinal vein of its own side, the car- 
dinal and the jugular veins returning the blood res])ectivcly 
from the lower and upj)er parts of the trunk. This system 
of blood-vessels constitutes the allantoic circulation; it is of 
great importance in any ovum that is devel(>i)ed outside of 
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the body of the mother, as in. the case of birds, reptiles, and 
fishes, in which classes the allantoic is the oi^n of nutrition 
from the time that the yolk-sac ceases to perform that funo- 
tion until devetopint'iit is coin|tIete. In man, however, as in 
all other mamm;ils except the monotremea and marsupials, 
the allantoic circulation may lie looked u|ion af, in a moasure, 
rudimentary, since it serves to convey nutriment from the 
chorion to the fetus only until the formation of the placenta. 
The placental system of blood-vessels, apjiearing 
in the Ihird moiitli with the dovfloprnent of the placenta, 
includcH the princijial trunks of the former allantoic system, 
the allantoic arteries and veins having become the umbilical 
tsshIb. The two ombilical arteries convey impure blood 
from the fetus to the placenta, where it circulates through 
the capillaries of that organ and receives oxygen and nutriment 
from the blood of the mother. As before stated, there is no 
intermingling of the fetal and the maternal blood, the two 
currents being separated by tie very thin walls of the capil- 
laries, through which osmosis occurs. The purified bloi>d 
returns to the fetus through the umbilical veins and reaches 
>the right auricle thnmgh the inferior vena cava, a portion of 
it having jjassed through the liver. The two umbilical veins 
which are present for a time fus<' subsequently to form a 
single vein. The complicated details of the arterial and the 
venous trunks, and the relation of the latter to the develop- 
ment of the liver and its special system of vessels, may be 
advantngeously considered in separate sections. 

THE FETAL ARTERIAL SYSTEM. 

The tnmcufl arteriosus, the lar^e artery which arises from 
the, as yet, undivided ventricle of the heart, bifurcates into 
two trunks, the first pair of visceral-atdi veBBele (Fig. 70, 4). 
These first visceral-arch vessels, also sometimes called the 
first aortic arches, run from the ventral snrCice of the body 
along the first visceral arches, toirard the dorsum, where 
they curve downwai-d and pass candalwani, one on each side 
of the median line, in front of the primitive vertebral column. 
Very soon there arise from the tnincns arteriosus below the 
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point of origin of the first vessels, four additional pairs of 
visceral-arch vessels, which similarly pass dorsad along the 
corresjMjnding visceral arches, and which unitf with the 
dorsal part of the first pair to form the pritnitiTe aorta of 
each side. Each primitive aorta results, therefore, from the 
confluence of all the visceral-arcli vessels of its own side 




Fig, to.— DlBgnius lUuBtritJni; BirunBemeQI i>r primlLive heart and aortic 
■rchee (modlfli'd tnua Allen TbomiotLl r 1. iltelllnc vvEns nlurning blood troai 
VBMUliir area; a, venous aegment of henrt-lube : S. prlmillve ventrlPle; 4. truncui 
rulerioaui; fl. I>, upper and lower primitive aorta: S', S'. coofinuation of doable 
aorta ai veu«1> tocandal pole of embryo; fi, TitelUae arteries returning blood to 



(Fig. 70). The two aortte afterward become merged into a 
single tnmk. At first the principal branches of the aorta 
are the vifellint! arteries. As these latter vessels become 
inconspicuous, the allantoic or umbilical arteries come into 
prominence as the chief branches. Indeed, the umbilical 
arteries may be said to he the continuation of the aorta, since 
the largest part of the bhxjd-stream is diverted into them. 
The aorta proper continues in the median line as the i^antlal 
aOTta, wliich latter is represented in the adult by the midtUe 
sacral artery. 

Si fur the arterial system of the fetus presents an abso- 
lutely symmetrical arrangement (Fig. 70). Changes vcrj' 
soon occur, however, whicli lead to the asymmetrical condition 
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found in the adtilt. These clianges are due to the atrophy 
of some tronks and the preponderance of others. From the 
point where the dorsal extremity of tlie fourth arch joins 
the fifth, a branch passes to the rudimentary arm (Fig. 71), 




The first and second arches, except their ventral and dorsal 
limbs, undergo atrophy. The ventral limbs of the fir^t and 
second arches persist and become llie external carotid artery, 
while their dorsal estreniities, with the third viscera I -arch 
vessel, become the internal carotid artery. The ventral ^teni 
of the third arch constitutes the common carotid. The right 
fourth-arch vessel becomes the right snbclavian, its stream of 
blood being convejed to the arm by tlie branch which has 
taken its origin from the point of junction of the dorsal ends 
of the fourth and fifth arches. This latter branch is there- 
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fore the continuation of the subclavian. The ventral scg^- 
ment of the right fourth arch would he represciitod in the 
ailult by the iimomiiiate artery. The fourth arcb of tlit left 
side assumes a lower position ; siniving into the thorax, it he- 
comes the arch of the aorta. Since Ihe right fifth arch becomes 
atrophic, the dorsal end of th« right fourth-arch vessel — 
the future right subclavian artery — loses its connection with 
the primitive aorta, and the latter now appears as the cun- 
tinnation of the lefl fourth arcli. The ventral stem of tiie 
left third arch, which becomes the future left common carotid, 
and at»o the left BUbclaviaii, which arises from the posterior 
or dorsal end of the left fourth arch, are now brauche^ of 
the arch of the aorta. When the truncus arteriosus becomes 
divided into the aorta and the pulmonary artery, the left 
fifth-arch vessel is the only one of the branches of the truncus 
that falls to the pulmonary arf«ry, all the other visceral-arch 
vessels being conucoteil with the aorta. Tlie left fifth via- 
ceral-arcb veasel therefore is represented in the adult by the 
pulmonary artery. The fetal lungs being impervious, only a 
very small part of the blood of the pulmonary artery is sent 
to them. The larger portion of the blood passes from the 
pulmonary artery to the aorta through a communicating 
trunk, the dnctUB arterioens, which l>ocoraes impervious after 
birth with the establishment of the proper pulmonary circu- 
lation. 

These transformations afford an explanation of the dlGTcrent 
relations of the recurrent laryngeal nerves of the two sides. 
At first they are symmetrioally arranged. The pneumo- 
gastric nerve, as it crosses the fourth visceral-arch vessel, 
gives off the recurrent larj-ngeal nerve, the latter winding 
around the artery from before backward on its way to the 
larynx. When the left fourth arch becomes the arch of the 
aorta and sinks into the chest, the nerve is carried with it ; 
hence after this time, the left nerve is found winding around 
the arch of the aorta. 

Anomalous arranKsmenta of the branches of the aortic 
arch, as well as of the arch itself, are referable to anomalous 
development of the original system of visceral-arch ves-sels. 



THE FETAL VENOUS SYSTEM. 



153 



For example, if the right fourth arch, which usually becomes 
the right subclavian artery, be suppressed from its origin to 
the jmint where the artery for the right upper extremity is , 
given off, the bloo<l must find its way into the latter vessel 
through the dorsal stem of the fourth arch, and this dorsal 
stem will then become the right siiixilaviao artery. In such 
case, the right subclavian of the ailuU will be found to arise 
from the lel^ extremity of the arcii of the aorta and t^ pa&s 
obliquely upward to the right side of the neck behind the 
trachea and the esophagus. 

THE FETAL VENOUS SYSTEM. 

The Tenons system <if tlio enibryo presents several suc- 
cessive phases, correwpouding in part with the various stages 
in the evolution of the arterial system. The first trunks to 
appear are the Titellino veins. These vessels have their origin 
in the vascular area on the wall of tlie yolk-sac in the manner 
already described in connection with the vitelline circulation. 
The two vitelline or omphalomesenteric veins, which result 
from the convergence of all the venous trunks of the vas- 
cular area, follow the vitelline duct into the body of the 
embrj'o through the still widely oj>en umbilical aperture and 
take their course headwarrl along the intestinal canal to open 
into the caudal end of the primitive heart-tube (Fig. 70, 1, 1). 
At a later periwl they open into the sinus venosus of the heart, 
and still later, when the sinus venosus becomes a part of the 
general atrial cavity, int*> the atrium itself. Near their termi- 
nation these veins aimmiinjcate with each other by amtstomos- 
ing trunks that encircle the future duodenal region of the in- 
testinal tube. Aa the yolk-sac diminishes in size and impor- 
tance, the vitelline veins decrease in caliber, and the umbilical 
veinsj conveying blood from the allantoia and subsequently 
from the placenta, functionally replace them. The proximal 
parts of the vitelline veins have an important connection 
with the circulation of the liver, aa will be seen hereafter. 

The umbilical veins, which are developed in the mesodermic 
tissue of the nllantois, pass from the placenta along the 
umbilical cord and, entering the fetal kxly at the umbilicus. 
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run at first along the lateral, and later along the ventral, 
wall of the abdomen toward the heart, Meanwliik' there 
have been established a pair of venous trunkt;, the piimitiTe 
jugular veins (Fig. 72, A), to return the blood from the head 
and the upper part of the trunk ; and a second pair, the car- 
dinal veins, which bring the bhmd from the lower part of 
the trunk, and especially from the primitive kidneys. The 
primitive jugular vein — which represents the external jug- 
ular of the adult — passing downward along tlie dorsal re- 
gion of the neck, meeti< the cardinal vein of its own side and 
unites with it near the heart, the short thick trunk thus 
formed being the dnct of Onvier. The right and lcl\ thicts 
of Cuvier converge and open together into the sinus venosus 
(sinus reuniena) of the heart, which also now receives the vitel- 
line veins and the umbilical veins. Upon the development of 
the upper and the lower limbs, the cardinal vein appears as 
if formed by the confluence of the internal and external iliac 
veins, while the primitive jugular below the entrance of the 
aubclavian vein is designated, with the duct of Cuvier, the 
superior vana cava, since, owing to the preponderance of the 
jugular over the cardinal vein, the Cuvierian duct appears 
to be a direct continuation of the jugular. At this time, 
then, there are two superior veate cavjE, tlie terminal parte 
of which, however, are not exactly symmetrical, since the 
left passes around tlie dorsal or posterior wall of the atrium, 
owing to the rotation of the heart from right to left. 

The lower venous trunks likewise present a symmetrical 
arrangement. The bilateral symmetry of this stage of the 
venous system, while permanent in fishes, becomes mothfied 
in man to produce the familiar asymmetrical condition of the 
adult venous trunks by two factors principally — first, the 
development of an unpaired vessel which is to constitute a 
part of the inferior vena cava, and second, the atrophy of 
certain vessels and parts of vessels with a consequent diver- 
sion of the major part of their blood-stream into other chan- 
nels. Associated with these altorations is the evolution of a 
special set of blood-vessels, the portal venous system, for the 
supply of the developing liver. The develo|)mpnt of the 
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portal ayetcm, however, may be deferred for separate ood- 
sideration (see page 161). 

When the sinus venostiH becomes a part of the atrium — 
constitutiDg that jiart of the wall of the adult auricle which 
is deatitute of museuli pectinati — the two ducts of Cuvier, or 
the superior cavie, as well as the veins from the abdominal 
viscffra, open by separate orifices into the atrial cavity. An 
unpured vessel now develops below the heart in the tissue be- 
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tween the primitive kidneys (Fig. 72, A, I). This constitutes 
the upjier or cardiac segment of the inferior vena cava. The 
lower extremity of this trunk aiiastoraose-s by two transverse 
bra&dtes with the right and the left cardinal veins (Fig. 72, 
B). The cardinal veins of the two aides are further con- 
nected by a transverse trunk at tlieir lower extremities and 
by one that pu.sses aciiiss the vertebral column just below the 
heart. In like manner the two superior veiite cavre commu- 
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nicate with each other by a transverse vessel, the tranflrerse 
Jngnlu Tein, at the upper part of the thorax, above the arch 
of the aorta. With the exception of the unpaired trunk 
which is destined to constitute tlie upper part of tlie inferior 
vena cava, the arrangement of the veins at thia time ia abso- 
lutely symmetrical. The apparently meaningless asymmetry 
of the adult venous trunks is easily accounted for if one 
notes the alterations in the course of the blood-current which 
now occur. 

The blood-atream of the left superior vena cava gradually 
becomes entirely diverted into the right cava through the 
transverse jugular vein, and the part of the left cava below 
thia point, being now functionlese, shrivels to an impervious 
cord {Fig. 72, C). This cord or strand of tissue, the rem- 
nant of the lefl superior cava, ia found in postnatal life, in 
front of the root of the left lung, embedded in a fold of the 
serous layer of the pericardium, the so-called yestigial fold 
of Uarsliall. Since the left superior vena cava receives, near 
its termination in the auricle, the lai^ coronarj' vein, which 
returns the greater part of the blood from the heart-wall, 
this proximal extremity of the left cava persists as the 
coronuy siniu of the heart. The transverse communicating 
trunk — the transverse jugular vein — and the part of the left 
cava above it now constitute the left umonUuate vein, the 
course of which from left to right is thus explainetl. The 
left superior vena cava of tbe fetus is represented in tJie adult, 
therefore, by the sinus coronarius, by the atrophic impervious 
cord lying in Marshall's vestigial fold, by the vertical part 
of the left innominate vein and by a part of the left superior 
intercostal vein. 

The lowest connecting branch between the cardinal veins 
enlarges and conveys to the right cardinal vein the blood 
from the left internal and external iliac veins (Fig. 72), in 
consequence of which the part of the left cardinal vein 
below the kidney undergoes atrophy and, finally, complete; 
obliteration. The newly-formed transverse trunk is the lefl 
common iliac vein. The part of each cardinal vein above 
the renal region suffers an arrest in growth, in consequence 
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of which the bloo<! is diverted from these veins into the 
transverse anastomosing branohes before mentioned as con- 
necting the respective cardinal veins witli the lower end 
of the unpaired caval trunk (Fig. 72, ^ and C, 5). As 
a result, the lower half of ibe right cawlinal vein, now 
receiving at its distal end the two common iliac veins, be- 
comes directly contintiout> with the iinjiaired cjkval trunk, and 
with it constitutes the inferior vena cava. The inferior vena 
cava, therefore, is jKirtly an independently formed structure 
and is partly the greatly develoi^Kl lower half of the right 
cardinal vein. The upiwr half of the right cardinal vein, 
conveying now a relatively small part of the blood-stream, 
becomes the vena azygos major, the termination of which in 
the superior vena cava is explicable when it is borne in mind 
that the cardinal and the primitive jugular veins, by their 
confluence, form the duct of Cuvier. 

While no part of the right cardinal vein suffers complete 
e^cement, the left one, in a part of its course, entirely dis- 
appears. All the blood of the left external and internal iliac 
veins being transported to the right side of the body through 
the lowest transverw trunk — that is, the newly-formed left 
common iliac vein — the part of the left cardinal vein below 
the kidney retrogrades and disappears. The part of the left 
cardinal above the renal region lading behind in growth, 
the blood from the left kidney is conveyed to Ihe inferior 
vena cava by the transverse trunk that connects the cardinal 
veins in the renal region ; this transverse trunk becomes, there- 
fore, the left lenal vein. Since the spermatic veins originally 
emptied into the cardinal veins, it is found, after these trans- 
formations, that the right spermatic opens into the inferior 
vena cava, wliile the left spermatic is a tributary of the left 
tenal vein* Some anatomists, indeed, regard the left sper- 
matic vein as the representative of the lower part of the left 
cardinal vein of the fetna. 

As the left renal vein develops into the channel for the 
major part of tlie blood from the left kidney, the })ortiou of 
the left cardinal vein alwve this point remains an incon- 
spicuous vessel, and that part of it intervening between the 
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duct of Cuvier and the cross branch (Fig. 72, C, 4) situated 
immediately below iJie heart undergoes total obliteration. The 
blood ascending through the persisting part of the left cardi- 
nal vein must therefore pass across to the upper part of the 
right cardinal vein, now the vena aiygos major; and the 
pervious portion of the left canlinal vein, with the trans- 
verse trunk referred to, constitutes the vena azygos mmoi. 

"ntE FORMATION OF THE PERICARDIUM, THE PLEUR/E, 
AND THE DIAPHRAQM. 

The development of the pericardium is so intimately re- 
lated with that of tiie pleune and of the diaphragm that an 
account of it involves a description of the evolution of those 
structures. By way of facilitating a ct^mpreheusion oi' the 
rather complicated details of the, process, the reader is re- 
minde<I that the tube which constitutes the primitive heart 
is formed by the coalescence of the two tubes produced 
within the splanchnic mesoderm, and that this tube and also, 
for a time, the heart resulting from it, are embedde<l within 
the ventral mesentery ; and, further, that the part of the 
ventral mesentery connecting- the heart with the ventral 




Flo 73 — DiigmumaUc croBi secdoiu of the body of tht! embryo in (he regloa 
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body-wall is the mesocardiuin anterins, while the fold passing 
from the heart to the gut-tract is the mesocardium poaterias 
(Fig. 73, A, and Fig. 61, 0). The space between the heart 
and the body-wall is a part of the boily-cavity or co'lom 
(throat-cavity of Kiilliker, parietal cavity of His). The 
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first indication of the separation of this lapace from the future 
abdominal cavity is furnished by the appearance nf a trana- 
versa ridge of tissue growing from the ventral and lateral 
aspects of the body-wall. ThiH mass is the septum trans- 
versum. It heara an important relation to the course of the 
vitelline and the umbilical veins. As the veins diverge 
from the body-wall to reach the heart, they carry mth them, 
as it were, the parietal layer of the raesoilerm in which they 
are embedded, forming on each side a fold that projects me- 
sially and dorsally (Fig. 73, B and C), the two folds ap- 
proaching and finally meeting with the ventral mesentery 
in the median plane. The septum transversum thus formed 
contains in the region nearer the intestine a mass of em- 
bryonal connective tissue which is called the liTer-ridge or 
prehepaticTis from the fact that the developing liver grows 
into it. Since the septum transversum, exclusive of the 
so-called liver-ridge, is the primitive diaphragm, it will be 
seen that the liver, in the early stages of its growth, is inti- 
mately associated with the anlage ' of the diaphragm. The 
septum transversum partially divides the body-cavity into a 
pericardiothoracic and an abdominal part, as shown in Fig. 
73, B and C. Near the dorsal wall of the trunk, on each 
side of the intestine and its mesentery, the septum is want- 
ing, and thns the two s{)aces communicate ivith each other 
by o|)oninga that are known as the ttoracic prolongations of 
the alxlominal cavity. At this stage, then, tlie four great 
serous sacs of the body, the two pleural, the paricardial, and 
the abdominal, are indicated, but are still in free communi- 
cation with each other. 

The pericardial cavity is the first one of these to be closed 
off; subsequently the pleural sacs are delimited from the 
abdominal space. Just as the transverse septum, which 
partly forma the floor of the thoracic cavity, holds an im- 
portant relation to the course of the vit«lline and the umbili- 
cal veins on their way to the heart, so is a vertical septum 

' Anlage, s German word Kignifjing groandviork, or, in embryology, llie 
first crude outline of an organ or part, baa come into use in English writ- 
Enga upon the subject because there is no exact English equiTalent for it 
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(Fig. 74, A, b) which separates the pericardial spac« from the 
pleural spaces associatetl with the position of a lai^o vein. 
This vein, the duct of Onvier, formed in the upper part of 
the thorax by the confluence of the cardinal and the jugular 
veins, lies at first near the dorsal Itody-wall and then along 
its lateral aspect. In the latter position it encroaches upon 
the pleuropericardial space and is covered by the somatic or 
parietal mesoderm (Fig. 74, A). It is this inwardly project- 
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ing vertical fold of serous membrane containing the duct of 
Cuvier which constitutes the pleuropericardial fold and the 
appearance of which initiates the division of the thonicic cav- 
ity into two spaces, one for the heart and one for the lungs. 
The pleuropericardial fold continues to grow toward the me- 
dian plane of the body until it meets the mesocardium pos- 
teriuB (Fig. 74, B\ with which it fuses, thus completing the 
pericardial sac (A) and isolating it fmm the pleural space {g). 
The heart is still relatively very lai^ and occupies the 
greater part of the thoracic cavity, leaving only a compara- 
tively small space, situated dorsally. for the accommodation 
of the developing lungs. This latter space, as previously 
mentioned, remains for a long time in communication with 
the abdominal cavity by the two thoracic prolongations of 
the latter, which lie one on each side of the intestinal tube 
and its mesentery (Fig. 73, C, and Fig. 74, A, B). Refer- 
ence to Fig, 74, B, will show that these tube-like spaces are 
encloscti completely by serous membrane and that they are 
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CDtirely distiact from each other. It i» evident alM), that the 
mesial wall of each Kjiace U constituted hy the mesocardium 
po9teriuH and the dorml mesentery. The hiag^ first apjiear 
as two little sacs, ctmnectcd by a common pedicle, the future 
trachea, with the upper end of the eeophagiis. As they grow 
downwanl in front of the esophagus and in eontjict with it, 
they push the serous membrane Ix'fore tliem carrying it away 
from the esophagua (Fig, 74, B), and thus they acquire an 
investment of serous membrane, which is the visceral layer 
of the pleura. The layer of serous membrane in eimtact 
with tlic body-wall is the parietal layer of the pleura. The 
lower extremities of the lung^ at length come into relation 
with the upper surface of the liver, from which organ they 
are finally seirarated by the growth of two folds, the pillan 
of tlakow, from the dorsolateral region of the Iiody-wall. 
These folds or ridges project forward and imite with the 
'earlier formed septum transveraum to complete the dia- 
phragm. So far, however, the diaphragm is merely connective 
tissue, the muscular condition being acquired later by the 
ingrowth of muscular substance from the trunk. Occasion- 
ally the dorsal or younger part of the diaphragm fails to 
unite with the ventral or older fundament on one side of the 
body, leaving an a|)erturc through which a portion of the 
intestine may pass into the thoracic cavity. Such a condition 
constitutes a congenital diaphragmatic hernia. 

The heart and it.s pericardial sac occupy the greater part 
of the thoracic cavity, while the lungs are merely narrow 
elongated organs Iving in th« dorsal part of this apace as 
abnwain Fig. 74, B. As the lungs increase in diameter, 
they spread out ventrally and gradually displace the parietal 
layer of the [K'Hcardium (Fig. 74, It) from the lateral wall 
of the chest, crowding the [>ericardiura forward and toward 
the median plane of the body (see Fig. 74, C) until finally 
tbe adult relationship of these structure^j is established. 

THE PORTAL CIRCULATION. 

The circulation of the adult liver i.-t peculiar in that the 
otjpM i» snpplied not only with arterial blood for it« natritinu 
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but receives also veDoua bloocl laden with certain products of 
digestion obtulnnl from the alimentary tract, the spleen, and 
the pancreas. This venous blood enters the liver tlirough 
the portal \e\a and is designed to supply to tiie gland the 
materials for the performance of it« special functions. 




Fw, TB.— Font raccsBrive lUgea In the deTelopmeal r,r Ihi; piirial Tenoua tj*- 
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Aa might be expected from the fact that the liver is an 
appendage of, and a direct outgrowth from, the intestinal 
canal, it receives its blood-snpply, in the early stages of its 
development, from the vessels that supply the primitive 
intestine, that is, from the vitelline veins. These veins, on 
their way to the heart, pass along the intestinal canal and 
are connected with each other in the region of the future 
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duodenum by tniiilu tlmt encircle the bowel, tbese connect- 
ing vessels colleetively constituting the ajiimlar sinuB {Fig. 
76, B and C). The liver originates fnim a small iliver- 
ticuliim which is evaginatcd from the ventral wall of the in- 
testinal t^anal. Growing forward between the folds of the 
ventral mesentery, this little tubular sac divides and sub- 
divides so as to produoe a gland of the compound tubular 
type. The developing liver Is from the first in close relation 
with the vitelline veins and their ring-like anastomosing 
bnnchos, and receives its blood-supply from the latter through 
veaeels that are known as the veam hepaticte adveheutes 
(Fig. 75, 10, 10). Tliese afferent vessels break up within 
the liver into a system of capillaries, fnim which the blood 
passes through the efferent vessels, the vena hepaticie reve- 
luntes, info the terminal part-5 of the vitelline veins. Thus 
a part of the blood of the vitelline veins is liivertwl to the 
liver and, aflcr circulating thniugh that organ, is returned to 
tJiem further on to be conveyed t^j the heart. As the liver, 
with its increasing development, requires more and more 
blood, the entire blood-stream of the vitelline veins passes to 
it, and the jmrts of these veins between the venffi hepaticie 
atlvehentes and the vense hepaticfe revehentes become obliter- 
ated (Fig. 75, B and C). The vitelline veins, therefore, 
leave the intestinal canal at the duodenal region and traverse 
the liver on their way to tlie heart. In thin early stage o/ 
the detelopnu-ni of the Uvcr, then, it receives its nutrition Jram 
the yollc-eac, thi-oiiffh the vitelline vehiti. 

When the yolk-sack undergoes retrogression, as it does 
about the fifth week, the liver must draw upon the allantoic 
and the placental vessels for its nutrition. To do this it 
must ac<juire connection with the umbilical veins. The latter 
vessels [wss upward from the umlulicus along the ventral 
wall of the body and em2)ty into the sinus venosus of the 
heart above the site of the liver (Fig. 75, Ay 4, 4). The two 
umbilical veins fuse to form one. and this one effects commu- 
nications beneath the liver with the venie hepaticie advehentes 
from the vitelline veins. As the needs of the liver exceed the 
capacity of the vitelline veins, more and more of the blood of 
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the umbilical vein is sent to it, until finally &1I the blood of the 
latter vein poaijes into the liver and reaches the heart through 
the terminal part of the left vitelline vein. (The left vitel- 
line vein very early begins to predominate over the right.) 
The part of the umbilical vein alwve the liver undergoes 
atrophy and disappears. Although, meanwhile, the yolk-sac 
has dwindle<l, the vitelline veins persist, in part, since they 
receive blood from the walls of the alimenturj- tract. The 
liver now, in this second stage of its development, receives blood 
from two sources, the abdominal vi»cci-a aitd the placenta. 

As previously indicated, the -proximal half of the inferior 
vena cava develops as an unpaired ve.'tsel connected with the 
primitive heart. It opens alwvo into the left vitelline vein. 
In a short time it for ouutrips the latter in growtli and, with 
it8 extension downward, the point of union of the two ves- 
sels is carried downward toward the liver, the vitelline vein 
becoming larger and constituting now the hepatic vein. 
Meanwhile the volume of blood flowing through the umbili- 
cal vein has increased to such an extent that the liver is no 
longer able to transmit it to tiie inferior vena cava, and con- 
sequently a commtinication is established l>etween tlio.se two 
vessels on the under surface of the liver. The connecting 
branch is the ductus venoBos or ductus Arantii. The blood 
of the umbilical vein is divided, therefore, into two streams — 
one that enters the inferior vena cava directly through the 
ductus venoaua and one that traverses the liver on its way to 
the cava. 

The portal Tsin results frona the persistence of a part of 
the vitelline veins. The vitelline veins, as we have seen, 
anastomose with each other by two ring-like branches that 
encircle the duodenum. The right half of the lower ring 
and the left half of the upp<T one atrophy, so that the blood 
of the vitelline veins makes its way to the liver through the 
left half of the lower ring and the right half of the upper 
one (Fig. 75, D), This singl« vessel constitutes the portal 
vein, and its course, therefore, is backward around the left 
side of the duoilenum and then to the right. So long as the 
yolk-sac is present, the vein receives blood both from it and 
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from the walls of the intestine. After the disappearance of 
the yolk-sac, the intestinul and the visceral veins are the sole 
tribiitarieti of the portal vein. 

THE FINAL STAGE OF THE FETAL VASCULAR SVSTEM. 

The circulation of the fetus at birth and the changes eusu- 
ing immediately thereafter may now be easily understood. 
The fetal blood being sent tv the placenta through the hypt)- 
gastric or umbilical arteries, receives oxygen there and is 
returned to the body of the fetus through the umbilical vein. 
The latter vessel takes its course upward along the ventral 
wall of the abdomen to the uuder surface of the liver, lying 
here in the anterior part of the longitudinal fissure. In this 
position the blood-stream of the umbilical vein is divided 
into two parts, one of which unites with the fetal portal 
vein to enter the liver, while the other passes through the 
ductus venosus directly to the inferior vena cava. The 
blood which enters the liver, after traversing that organ, 
reaches the inferior vena cava through the hepatic veins. 
Tlius, in the one case directly, in the other case by passing 
through the liver, all the placental blood reaches the inferior 
vena cava and passes on to the right auricle of the heart. 

Prom the right auricle the blood passes through the for- 
amen ovale to the left auricle, and thonce, through the mitral 
orifice, to the left ventricle. Being driven from the left ven- 
tricle into the aorta, it is conveyed through the branches of 
the aortic arch to the head and the upper extremities. Find- 
ing its way into the veins of theM parts, it ls returned, 
through the superior vena cava, to the right auricle, from 
which cavity it passes, through the tricuspid orifice, into 
the right ventricle. From the right ventricle it goes into 
the pulmonary aitery. Since the lungs are not as yet per- 
vious, or but very slightly so, the current is deflected almost 
entirely through the ductus arteriosus to the descending aorta 
instead of going to the lungs. Some of the blood of the 
deacendiug aorta is distributed to the various parts of the 
InHly below the position of the heart, while some of it is 
sent thi-ough the hyptigustric or nnibilical arteries to the pla- 
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centa for aeration. It is evident that no part of the fetal 
blood, except that in the umbilical vein, is entirely pure, the 
venous and the arterial blood being always more or less 
mixed. 

With the detachment of the placenta at birth, several 
marked alterations occur. The circulation through the 
umbilical vein ceases, that part of this vessel which inter- 
venes between the umbilicus and the portal fissure of the 
liver becoming, in consequence, an impervious fibrous cord, 
tlic round ligament of the liver. The ductus venosus like- 
wise suffers obliteration. Since the lungs now assume their 
proper function of respiration, the communication between 
the right and the left sides of the heart and also that between 
the pulmonary artery and the aorta cease. Hence, the re- 
spective avenues for these communications, the foramen ovale 
and the ductus arteriosus, become obsolete. Tliere l)eing no 
further need for the hypogastric (umbilicjil) arteries, the cir- 
culation through them ceases, and they become mere cords 
of fibrous tissue, whose presence is evidenced by two ridges 
in the peritoneum on the inner surface of the anterior wall 
of the abdomen. The proximal parts of these arteries persist, 
however, as the superior vesical arteries. 



CHAPTER XI. 



The adult dit^^es 



THE DEVELOPMENT OF THE DIGESTIVE SYSTEM. 



iysteiii consists of tlie month with its 
accessory organs, tlie teeth, tlie tongue, anil tlie salivary glandB ; 
of the pharynx, the eaophaEUs, the stomacli, anil the small and 
the large intestine, incliidiug nlao tlic iin^xirUint glamhilar 
organs, the liver and the pancreas. Notwithstanding the 
appart-nt eomplexity of its structure, the alimentary tract 
may lie regarded as a tube, certaiu regions of which have 
become specialized in order to adapt them to the perfurm- 
auce of their reepeotlve functions, the salivary glands, the 
liver, and the pancreas being highly differentiated evagina- 
tiona of its walls. While in njan and in the higlier verte- 
brates the tube is thrown intn coils by reason of its excessive 
length, in the tower-type animals it is much more simple in 
ita arraDgement. For example, in certain fishes and in some 
amphibians the alimentary tract has the form of a slightly 
flexuous tube, the deviations from the simple straight canal 
being few and insigniticant, and the stomach being repre- 
sented by a local dilatation of the tube. 

The simple condition obtaining in the representatives of 
the animal kingdom referred to above suggests the likewise 
simple fundamental plan of the human embryonic gut-tract. 
There is, in fact, a period in development when the guf>-tract 
of the human embryo has the furm of a simple straight tnbe. 
The processes incident to the formation of this tube mark 
the earliest stages of the development of the alimentary sys- 
tem, the tube itself acquiring detinite form simultaneously 
with the production of the body of the embryo. 

The first indication of the alimentary canal appears at a 
very earlv period of development, being inaugurated in fact 
by those important alterations that serve to differentiate the 
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blastodermic vesicle intx> the body of the emhrj'o and tbe 
embryonic apitendages. It will be remembered that, after 
the splitting of the parietal plate of the meHoderm into its 
two lamellee, and the nnion o^ the onter of the layera with 
the ectoderm and of the inner with the entoderm to form 
respectively tlie soinatoplenre and the splanctanopleure, these 
two double-layered sheets undergo folding in different direc- 
tions. Before the folding occury, the germ is a hollow 
sphere whose cavity is the archeuteron and whose walls 
are the somatopleure and the siihinchnoplctirc.' AVIiile the 
Bomatopleure in a zone corresponding with the margin of ilie 
embryonic area becomes depressed and is carrie<l tinder tliat 
area to form the lateral and ventral body-wall of the emhrvo 
(Plate II., Figs. 2, 3. and 4), and also more distally folds 
up over the area to produce the amnion and the false amnion, 
the splanchoopleure, likewise in a line corresponding with 
tlie periphery of the embryonic area, is depressed and curried 
inward from all sides toward the position of the future 
umbilicus. This folding in of the splanchnnpleure effects 
the division of the archenteron into two parts, a smaller 
cavity falling within the body of the embryo, which latter 
is forming at the same time, and a larger estra-embryonic 
compartment, which is the yolk-aac or umbilical vesicle. The 
intra-embryonic cavity is the gal^tract. The constricted 
communication Iwtwecn the two is the vitelline dact. While 
the vitelline duct is still a rather wide aperture, the anterior 
and posterior parts of its intestinal orifice are designated 
respectively the anterior and the posterior intestinal portals. 

As the somatoplenre closes in around the vitelline dncf, it 
forms tlie wall of the abdomen, the oi>ening left, which is 
traversed by tlie duct, being the umbilical aperture. 

It is evident therefore that the lining of the gut-tract is 
constitutei) by the innermost germ-layer, the entoderm, and 
that all its epithelial elements are consequently of entodermic 
origin. The folding in of the splanchnopleure begins at 
about the end of the second week, and is so far advanced 

'Stricll; tp^aking, the somatoplmre nnd tlie splanchaopleure are nol 
formed before the folding occurs, but Che processes go on at the same time. 
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FtO.78.— Reeonilructlonsor haman embrrnof ubvmt seven lev n ilays (Hli): 
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cardluat vein; dC. dact of Cuvler ; ur, tta, umbilical vela and artery : a', Kllanloii 
Uf, iimMUcHl cord. 

before tlie end of the third week that the arohenteroD ia defi- 
nitely <nvided into the gut-tract and the yolk-sac 
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In tte MirlicHt (lefiitite form, timn, tliu rat-tract is a. tul>e 
extending I'roni one end of tlie embryonic body to the other, 
which opens widely at the middle of its ventral aspect inti) 
the vitelline duet, but which ia closed at both ends. It is 
iifltial to speak of the primitive gut-tract as consisting mor- 
phologically of three i«irt», th« bead-sut, which is the r^ion 
on the headward side of the orifice of the vitelline duct; 
the hind-gnt, which is the part near the tail-end of the 
embryo ; and the mld-gnt or intervening thinl portion 
(Fig. 78). 

The closed head-end of the gut-tube corresponds with thu 
floor of the primitive mouth-cavity, the two spaces being 
separated by a thin veil of tissue, which consists of the 
entoderm and the ectoderm jind is called the pharynKeal 
membrane (Fig- 79). A considerable pmportion of the so- 
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called head-gut constitutes the primitive pharynx, Thi.s 
region of the tube has a relatively large caliber, and pre- 
sents on its lateral and ventral walla the series of recesses 
or evaginations known as the tbroat-pocfcets or pliaryngeal 
9 (Fig. 60). 
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While the inner, entodermic layer of the gut^tiibe becomes 
the intestinal mucosa, tlie outer, mesodeimic Bttatum produces 
the muscular and the connective -tissue part^ of the bowel- 
wall, the raoNt superficial liijer of the latter with its meso- 
thelial or endothelial cells forming the visceral layer of the 
peritoneum. Since the luesodermic layer of the splanchuo- 
pleure of each side is continuous with the correspoiKling 
mesodermic layer of the somatoplcure on either side of the 
embryonic axis, the primitive intestinal canul has a broad 
area iif attachment with the dorsal wall of the body-cavity 
(Fig. 80). The ventral wall is likewise connected witli the 




ihtMip-fmbryo (Bonnet). 



ventral body-wall throughout the anterior or upper part of 
its extent by the continuity of the splanchnopleuric meso- 
denn of each side with the soraatopleiiric mesoderm of the 
same side. As development advances, the body-cavity in- 
creases in caliber more rapidly than does the intestinal tube, 
so that tlie inter\iil between the two is augmented, in conse- 
quence of which the masses of connective tissue uniting the 
dorsal and the ventral surfaces of the gut with the corre- 
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spouding walls of the body-cavity become drawn out bo as to 
cnostitute in each case a metlian vertical fold cotisistiog of 
two closely approximated layers of serous membrane with a 
little connective tissue between them. Tiiese folds are the 
dorsal and the ventral mesenterleB (Fig. 81). Wiiile the 




Fio, Bl.— Uiagraminactc croM-eeclloEiE of the body of the embryo In the te^a 
of Cbv heMt at level of future dlftphragm ; a, eaophageal legment of gul-trect r b, 
doraal meieDterj: c, meaocardimn poalerlut: d, meaocardlum suterlaa^ r, begla- 
nlngof geplum traoBverauni, conlatnlng Tltelllne ■nd ■llinlolc Ti-lns; /, septum 
tnnsTerium ; s, chorsclc prolongntion of abdominal cavity : nc, neural canal. 

dorsal mesentery extends throughout the entire length of the 
cnnal, the ventral fold is present only at its anterior or upper 
part, corresponding in the t-xtent of its attachment to the 
digestive tube to that portion representing the future stomach 
and upper part of the duodennm (Fig. 82). The ventral 
mesentery at first is present throughout the entire extent of 
(he canal, but very early undergoes obliteration except in the 
situation above noted. Concerning the reason and the method 
of its disappearance nothing is definitely known. 

The intestinal tube, at a comparatively early stage, pre- 
sents on its ventral surface near the posterior or caudal end a 
small evagination that enlarges to form the allantois (see p, 
80). While a part of the i ntra-embryonic portion of the 
allantois dilates and develops into the bladder, the part be- 
tween this latter and the intestine is known as the urogenitAl 
Biniu. The part of the gut-tube posterior to, caudad of, the 
origin of the allantois, is a blind pouch known as the cloaca. 
The latter is, therefore, the common termination of the urinary 
and the intestinal tracts. 

To repeat, we have now, in the third week of development, 
the alimentary canal represeaited by a single straight tube 
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(compare Fig. 78), closed at each end, but with mouth-cavity 
and anus both indicated, the tube lying within a larger tube, 
the body-cavity, with the walls of which latter it is connected 
by the dorsal and ventral mesenteriee. Along the dorsal wall 
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of the body-cavity, dorfiad to the parietal peritoneum, pass 
the two primitive aortie, and later, the single aorta which 
results from the fusion of these two. Between the two folds 
of the dorsiil mowntery pa.5s the bloiKl- vessels that nourish 
the walls of the gut. Within the ventral mesentery are the 
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vitelline veins, which bring the blood from the yolk-sac and 
eonvey it to tlie primitivu heart. On the ventral wall of the 
gnt is the wide aperture of the vitelline duct. Farther 
caudad, also on the ventral surface nf the bowel, is the orifice 
of the allantuis. These conditions may be better understood 
by reference to Figs, 78 and 82. Before tracing the further 
development of the abdominal jtart of the alimentary system, 
it will be proper to note certain very important processes 
pertaining to its anterior or head-extremity, and also to con- 
sider the formation of the anus. 



THE MOUTH. 

The development of the month, the tonpie, the teeth, and 
the salivaTy glands has been fully described on pages 122— 
131. In this connection, therefore, it will be necessary to 
call attention to only a few of the salient features of their 
evolution. 

The oral cavity is produced by a folding in of the surface- 
ectoderm, the fossa thus formed becoming deeper until it 
meets the head-end of the gut-tract. From the walla of this 
fossa the salivary glands are developed a.s evaginations, in the 
manner already described, while the teeth are si»ecialized 
growths of its ectodermal lining and of the underlying meso- 
derm (vide p. 125). The iirst intimation of this infolding 
is apparent at the twelfth day in the form of a localized 
thickening of the surface-cells on the ventral surface of the 
body of the embryo near the head-end. The thickened area 
is the oral plate, which epeedilv becomes depressed, produc- 
ing the oral pit or fossa. By the third week, the oral fossa 
or Btomodeiun is a well-marked pit of pentagonal outline, its 
bouTidanes being the nasofrontal pnwess above, the maxillary 
processes laterally, and the mandibular arches below. The 
original oral plate, having receded farther and farther from 
the surface and forming the posterior limit of the mouth- 
cavity, now separate^ that cavity from the pharyngeal region 
of the gut-tube and comes intii ctmtaot with the anterior wall 
of the latter. It is called the pharyngeal membrane (Fig. 79). 
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Its disappearance occurs at sorae time during the fourth week, 
by which event the gut-tuhe is brought into commu nictation 
with the mouth. 

The exact portion of the pharyngeal membmne ia not 
easily definable. It is certain, however, tliat it falls farther 
back than the posterior limit of the adult oral cavity, 
since the primitive mouth includes the anterior jiart of the 
adult pharynx. For example, the diverticulum that gives 
rise to the anterior lobe of the pituitary b^Kly belongs to 
the primitive mouth, yet ita vestige, the pharyngeal bursa 
or Rathk^'e |>ocket, is found in the phan,-ux of the adult. 
The primitive oral cavity, by the growth of the jtalute, be- 
coineH divided into thi' adult month and the nasal cavities. 
The haxd palate is completed in the ninth week and the soft 
palate in the eleventh week. 



THE PHARYNX. 

The pharynx is represeiite<i in the embryo by the expanded 
ceptmlie end of the primitive giit-tract. It is of greater rela- 
tive length in the earlier stages of development than later, 
including as it does, almost half the length of the gut-tube 
in the fourth and fifth weeks. The primitive pharyngeal 
cavity ia widest at its anterior or cephalic exti-enilty and 
narrowest at the opposite end, tajtering here into the esoph- 
agus. Until the breaking down of the pharyngeal mem- 
brane, which tjikes place in the fourth week, this structure 
markii the anterior limit of the pharynx and se|>arates it 
from the oral cavity. 

The pbaiTngeal pouches or throat-pockets have heen re- 
ferred to in connection with the viaceral arches on page 100. 
They are out-pocketings or evaginations of the entodermal 
lining of the pharynx, there being four furrows on each 
lateral wall, and they pass from the ventral toward the 
dorsal wall of the cavity, each pouch lying between two 
adjacent visceral arches. The entoderm of the jKiuches 
cotnes into close relation with the ectoderm of the outer 
viBceral furrows (Fig. 60), The mcsodermic stratum being 
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absent from the pliaryngeal pouches, the ecUxJerin anJ the 
entoderm are iu contact, aud coDstitute the closing membrane. 
A& previously mcntiuaed, this closiug memliratie ruptures iu 
aquatic vertebrates, in consequence of which the pharyngeal 
cavity in such animals acquires a number of openings. In 
man, as in other mammals, and in birds, such rupture prol>- 
abty never occurs. Since the visceral arches and clefts are 
fully considered in Chapter VII., it will he necessary in this 
connection to refer only to such derivatives of them as per- 
tain directly to the pharynx. 

The first inner cleft or pharyngeal pooch becomes close<l off 
from the pharyngeal ciivity, its dorsad end giving rise to the 
tympanic cavity or middle ear, while the remaining part eon- 
Btitutes the Eustachian tube. Hence, the tympanum and the 
Eustachian ttilie are to be regarded as differentiated portions 
of the primitive pharyngeal cavity. The dorsal jmrt of the 
closing membnine of this clefl persists us the tympanic mem- 
brane. 

The third pharyngeal pocket or tiiird inner ylaceral cleft, 
by an evugination of its ent<3<lernial epithelium, gives rise to 
the epithelial jHtrts of the thymtis body, the connective- 
tissue elements of this " gland " being furnished by the meso- 
dermic cells which surround the epithelial diverticulum and 
ultimately enclose and isolate its branching processes. In a 
similar manner, the foarth pocket protlnces the lateral lobes 
of the thyroid body. 

The ventral wall of the pharynx, between the anterior 
extremities of the second thrc)at-pt)ckets. evagjnatcs into an 
entoderniic tube which extemJs camlalward to develop sub- 
sequently into tlie median loba of the thyroid body. 

The tongue (p. 131) also is developed from the walls 
of the pharynx, the anterior impaired segment, the tuberculom 
impar, growing from the methan line of the ventral wall, just 
below the level of the first visceral arch, white the two sym- 
metiical segments that form the posterior third of the organ 
proceed from the ventrolateral walls at the ventral extremi- 
ties of the second and third visceral arches. 

The tonsil develops as masses of lymphoid tissue about 
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an evagination of the lateral wall of the pliaiynx. In the 
third month the lateral pharyngeal wall i>ouclies out to form 
a little foasft (Fig. 83, 1) 
which is situated between the 
second aud third visceral 
arches, the fossa heiiig lined 
with stratified squamous epi- 
thelium continuous with that 
of the pharyngeal cavity. 
Little solid epithelial huds 
(Fig. 83) proceed from this 
diverticulum into the sur- 
rounding connective tissue, 
the buds subsequently be- 
coming hollowed out. Wan- 
dering leukocytes from the 
neighlxiriiig blood-vessels in- 
filtrate the connective tissue 
around the young crypts, and these cells becoming abro- 
gated into oondeni^ and isolated groupa give rise to the 
Irmphoid follicles peculiar to the tonsil. The separate and 
well-diiFercntiated condition of the follicles is not attained 
until some months after birth. The place of origin of the 
tonsil Iwtween the second and third visceral arches explains 
the position of the adult organ between the anterior and jws- 
terior palatine arches, since the latter structures represent the 
deep extremities of the former. 

THE ANUS. 

The early stages of the development of the anus are simi- 
lar to those of the mouth. Ttic so-citllcd anal membrane is 
produced by the growing togt^ther of the ectoderm and the 
entoderm, the mesoderm beJnfr crowded aside. The site of 
the anal membrane, or anal plate, is in the median line of the 
dorsal surface of the embryonic body, at its posterior or 
caudal extremity. It makes its appearance in the third 
week. Since the tissue immediately in front — that is, head- 
ward, of the anal plate projects and develops into the primi- 
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tive tail, and since the axis of tbe body becomes ventrally 
curved, the aiml plate is carried aniuad suraewhat toward 
the ventral aspect of the body. During the following fort- 
night the anal plate becomes depressed no as to form a small 
fossa, which is often designated the anal pit or proctodeum. 
Tbe position of the anal pit does not correspond, in any 
vertebrate, to the end of the intestine, but to a point short 
of it ; the gut, therefore, extends beyond the position of the 
anus. This portion of the bowel is the postanal gnt of ver- 
tebral*^ morpholf^y. Ultimately it entirely disappears. 

While the anal pit is forming, the aUantois is growing 
forth as a diverticulum from the ventral wall of the gut 
(Fig. 84). The intra-embryonic part of the allantois is 




transformed chiefly into the urinary bladder, but it gives 
rise also, by its proximal extremity, to a short wide duct, 
the urogenital Binns, which is an avenue of communication 
with the Iwwel. Tlie ]tart of the gut on the caudal side of 
the aperture of the urogenital sinus is the cloaca, which is 
the common termination, therefore, of the genito-urinary 
system and of the intestinal canal. 

The surface depression referred to above as the anal pit is 
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often callcil the cloacal depression during the time that the 
cloaca is present. In ihe linvest miiirimuls, tlie monotremes, 
as aim in the Amphibia, in ri^ptiles, and in birds, the cloaca 
K a permanent structure. B^ the breaking down of the lueoi- 
braiie between it uiid the cloacnl dej)re.t.siun, it autjnires an out- 
let, through which the feces, tlie urine, and the genital products 
find egreaa. In all higher mammals, however, including man, 
the cloaca suffers division into an anterior or ventral i«is8- 
age-way, the urogenital ainus, and a posterior canal, the rec- 
tum and canal of the anus. This division is etTected by the 
growth of three ridges or folds, of which one grows from the 
point uf union of the urogenital sinus and the gut, while the 
other two proceed, one from each lateral wall of the cloaca. 
The three folds coalesce to form a perfect septum. The 
division is complete at atiout the end of the second month 
(or, according to Minot, at the fourteenth week). The 
cloacal depression or anal pit shares in this division, so that 
at about the tenth week, it is sejKtrated into the anal pit 
proper, or the proctodenm, and the orifice of tJie urogenital 
sinne. The newly-formed septum continues to thicken, 
especially near the surface of the body, until it constitutes 
the pyramidal mass of tissue known as the perineal body, or 
petineom. 

The anal pit deepens, the anal membrane being thereby 
approximated to the end of the bowel, and in the fourth 
month the anal membrane lireuks down and disappears. 
Persistence of the anal membr.me after birth constitutes the 
anomaly known as imperforate aaua. 



THE DIFFERENTIATION OP THE ALIMENTARY CANAL 
INTO SEPARATE REGIONS. 

The fourth week marks the beginning of certain impor- 
tant changes in the simple straight alimentary tube. The 
reader is again reminde<l that this tube is connected with 
the dorsal body-wall by the dorsal mesentery and with the 
ventral wall, for a jiart of its extent, by the \-entral mesen- 
tery; that the canal i.*, as yet, without communication with 
the exterior; and also that the vitelline duct and the allau- 
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tois are connected with ite ventral surface (Fig. 82). The 
umbilical vesicle having reached the limit of its development 
in the fourth week and having begun to shrink, the vitelline 
duct likewise begins to retrograde and very soon becomes 
an inconspicuous structure. 

The dorsal wall of the tube at a point nearer the head-end 
begins to bulge toward the dorsal body-wall, forming a some- 
what spindle-shaped enlargement (Figs. 85, 86). This di- 
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Fio. 85.--Scheme of the alimentary canal and its accessory organs (Bonnet). 

latation is the beginning of the future stomacli. The part 
of the c«nal on the cephalic side of the stomach lags behind 
somewhat in growth, corresponding in this respect with the 
relatively smaller size of the adult esopliagtis. The esoph- 
agus begins to lengthen in the fourth week. At this time, 
also, the beginning of the liver is indicated by a small diver- 
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ticulum which pouches out from the ventral wall of the 
intestine just posterior to (below) the stomach — ^the future 
duodenal region therefore — and which grows into the ventral 
mesentery. Very soon after the appearance of the hepatic 
evagination^ a similar out-pouching from the dorsal wall of 




Fig. 86.— Outline of alimentary canal of human embryo of twenty-eifrht da3ni 
(His) : p6, pituitary fossa ; tg^ tongue ; Ix^ primitive larynx ; o, esophagus : tr, trachea; 
/<7, lung; 8, stomach ; p, pancreas ; hd^ hepatic duct ; t«d, vitelline duct ; a/, allantois ; 
hg, hind-gut ; W'd, Wolffian duct ; *, kidney. 

the future duodenal region of the intestine indicates the 
beginning of the development of the pancreas. 

In the latter part of the third week or in the beginning of 
the fourth, the esophagus presents a longitudinal groove on 
the inner face of its ventral wall. This groove increases in 
depth and caliber and finally becomes constricted off from 
the esophagus, with which it retains connection only at its 
pharyngeal end. The tube or tubular sac thus formed is the 
first step in the development of the lungs and the trachea. 
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It may be aaid then that the gut-tract has now, in the 
fourth week, reached the Btage of differeatiation iuto the phar- 
ynx, the eBophasiis, the stomacli, and the Intestiiie, with the 
Utct, the pancreas, the respiratory system, and the allantois 
fairly begun. 

As heretofore poinl«il out (p. 81), the allantois — wliich 
growa directly from the primitive gut-tract, and which con- 




Fio. 8".— Outline nf alimenlury 
Ila| \ pb. plluttary Icmea ; Ig. tuiig 

kldncf : a, anoi : irp, genital i-mio 



>r bumm tmbryn of tbirty-flve days 
primitive Inryiii : o, etiupbKgiis : tr, 
nf, hepktlR dnc!l : t.occnm; tl.O.M^t,; 



aisls therefore of the entfiderm and the viseeral mesoderm — 
although destined to jtrothtoe in part the permanent bladder, 
functionates for a time, after ile union with the false amnioa 
to form the chorion, as an organ of respiration; while the 
permanent respiratory system, as we liavc seen, likewise 
develops from the eutoderraal epithelium of the gut- 
tract. The entoderm, therefore, snstains an important re- 
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l&tion to the nutrition of Ixitli the 






iiid the adult 



organism. 
Increase in I,ength and Further Subdivision. — 

The intestinal canal grown in length much more raj)i<lly than 
does the embryonic Ixxly. It is in consequence of this dis- 
proportionate growth that the tube becomes bent and thrown 
into coils or convolutions. During the fiAh and sixth weeks 
a conspicuous flexure appears at some distance below the 
stomach. Here the bowel assumes the form of a U-shaped 
tube, the closed end of the U pnijecting toward tlie ventral 
body-wall (Fig. 88). In other words, the redundant portion 




no. 8S.— InlettlDBl Miml of human cmbifo or ili weelu (Toldt). 



of the gut is pulled away, as it were, from the dorsal wall of 
the body-<!avity and, as & consequence, the dorsal mesentery 
is lengthened in this r^ion to a corresponding extent (Fig. 88). 
The vitelline duct is attached to the part of the bend near- 
est the ventral wall (Fig. 86), At a point on the lower limb 
of the U the Iwwel abruptly acquires increased caliber. This 
dilated part is the beginning of the CEecmn or head of the 
colon, and its appearance initiates the distinction between the 
lai^ and the small intestine, since the part of the bowel on 
the distal side of the point in qu^tion becomes also of larger 
caliber and forms the colon. 

During the succeeding week or fortnight, the character of 
the colon and of the eo?rum becomes better established. The 
remaining part of the lower limb of the U-loop, with ail of 
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the tul>€ included between the loop and the stomat^h, is the 
small intestise, which presents a slight dorsal dexure at its 
proximal extremity. The stomach meanwhile has increased 
in size ami haft almost attuined its characteristic shape. By 
the end of the sixth week, tiicn, the alimentary canal has not 
only increased in length but has so fur ditterentiatcd as to 
have acquired stomach, duodenum, small intestme, ctecnm, and 
lectnm. 

Alteration in the Relative Position of Parts, and 
Pnrther Development.— The most iinportant modification 
of the alimeutary tube as it exists at the end of the sixth 
week is effected by certain changes of jrosition of some of its 
parts. The stomach and the large intestine are the portions 
of the tract most conspicuously affected. The lower limb of 
the U-segment of bowel, which consists chieHy of the rudi- 
mentarj' csectim and a jiart of the colon, is lifted, as it were, 
over the upper limb and comes to occupy a position above it 
(Fig. 89, ^1), the cajcum assuming a position in the right 




Fio. 89,— Three «UFeei»l*e bWrw ihowlng Ihe development of Iho digeitiv* 
tuba and ibe mcwuluriai In the buiiikii teliu (modllled from Tourneux) : 1, alum- 

omentum; S, meacKluodenum ; H, mGteDlvry: Id, mcaocolon. The arruvr point* to 
the oriflce of the omenul bursa. The ventril mesratery la not ibnwn. 

hypochondriac region, and the colon passing thence trans- 
versely across the at>domen ventrad to the dtindenum. 
This shifting of position on the part of the colon Imngs 
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xbout important complications in the arrangement of the mes- 
entery, since the part of the dorsal mesentery that pertains to 
the upper part of the colon correspondingly alters its position 
antl line of attachment, becoming adherent to the peritoneum 
on the ventral surface of the duodenum. The part of the 
mesentery in question lieeomes the transverse mesocolon 
{Fig. 89, B). The large intestine, after this change of (xtsi- 
tion, presents cecum, transverse colon, descending colon, and 
isctum, the a^^ceniling colon being still absent. 

The vermiform appendix iu the third month has already 
acquired the form of a slender curved tube projecting from 
the CKCum. At the time of its first appearance and for some 
weeks afterward, the appendix has the same caliber as the 
ciecum. Subsequently the aecnm outstrips the appendix in 
growth, the latter appearing \a the adult state as a relatively 
very small tube attached to the much larger cascum. 

Thectecum soon liegins again to change its position, gradu- 
ally moving downward toward the right iliac fossa (Fig. 89). 
The downward migration of the e^cum is due to the growth 
of the colon in the same direction. In this manner the ascend- 
ing colon is gradually produced, it having developed to such an 
extent in the seventh month that the ctecum lies Itelow the 
right kidney, while in the eighth month it passea the crest of 
the ilium. Corresponding with the growth of the ascending 
colon, the mesentery shifts its parietal attachment and in- 
creases in extent until the ascending mesocolon is produced ; 
and with the descent of the crecnm, the terminal part of the 
email intestine necessarily alters its position to a like degree. 

The stomach, up to the third month, is a localized dilata- 
tion of the intestinal tube, bulging most in the dorsal direc- 
tion and having its long axis jiarallel with that of the body 
(Fig. 88). In the third month, however, it undei^foes an 
important alteration in position, rotating about two axes. 
First, it turns about a longitudinal axis, whereby the left 
side comes to face toward the ventral surface of the body 
(anteriorly) and the right surface looks toward the spinal 
column. In addition to the longitudinal rotation, the stom- 
ach also rotates upon a dorsoventral (anteropo.sterior) axis, 
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by which tlie liiwer or pyloric extremity moves somewhat 
upward and to the right, and the cardiac end goes tailward 
(downward) and to the left (Fig. 89). By this double rota- 
tion the stuniach is made to assume approxiiuntely its adult 
position. The longitudinal rotation of the stomach, in which 
the lower portion of the esophagus takes part, esplaioH the 
lel&tion of the vaguB nerves in tlie adult. The nerves, before 
the rotation, lie one on each side of the esophagus and stom- 
ach, but since the left surfaces of both turn forward and the 
right surfaces turn backward, the left vagus lies on the 
anterior surface of the esophagus and of the stomach, while 
the right nerve is in relation with their posterior surfaces. 

The relations of the mesogasttinm are influenced in an im- 
portant manner by the rotation of the stomach. As long as 
the stomach retains its original position and relations, with 
its greater curvature facing dorsad (or posteriorly), the meeo- 
gustrium Is a vertical mesial fold of peritoneum (Fig. 88), 
while the ventral mesentery similarly connects the future 
lesser curvatiu* or ventral surface of tlie stomach with the 
ventral body-wall. At the very beginning of the process of 
rotation, the mesogaater becomes somewhat redundant and 
sags towani the left (Fig- 89, A). As this inerenses in 
extent, there is formed, between the stomach and the dorsal 
body-wall, a pouch or puekct, the omental bursa, whose open- 
ing is toward the right (Fig. 89). In the thini and fourth 
months the original mesognster, lengthening more and more, 
and being affected by the increasing torsion of the stomach, 
projects in the form of a sac considerably below the level of 
the stomach, in front of (ventral to) the small intestine and 
the transverse colon. It ultimately beeomes the great omen- 
tum. The mesogastrium, frnm hoving been a vertical mesial 
fold, is now become a transverse fold, so redundant as to be 
folded upon itself and to constitute a bag. 

In like manner the ventral mesentery (Figs. 82 and 90), 
which connects the anterior or ventral surface of the stomach 
with the ventral body-wall, and in which the liver develop.s, 
is altered from a mesial fold to a transverse fold by the rota- 
tion of the stuniach. As the liver migrates to a position 
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above the stomach, the part of the ventral mesentery which 
oonnectd the liver with the body-wall hecomes its falciform 
ligament and coronary ligament, while that portion of tiiis 
mesentery that connects the originally ventral surface of the 
stomach, now its lesser curvature, with the liver is the lesser 
or gastrobepatic omQntiun. The lesser omentum, therefore, is 
the anterior or ventral boundary of the orifice of tlie omentjil 
bursa referred to above. 

The small bitestine begins to exhibit flexures as early as 
tile fiftii week, and liy the end of the sixth week the duo- 
denum is well indicated as a segment of the gut-tube passing 
from the pyloric end of the stomach toward the dorsal bixly- 
wall. From this time the development of the small intes- 
tine, aside from its histological characters, consists riiiefly in 
increase in length with consequent modification of its mesen- 
tery. A striking feature of human development is that, 
with the growth in length of the small bowel, it is gradually 
extruded from the abdominal cavity into the tissues of the 
umbilical cord. The extent to which extrusion lakes place 
increases until the tenth week, after which period the intes- 
tine 16 gradually withdrawn into the abdomen. In the 
fourth month it lies entirely within the abdimiinal cavity. 
Failure of complete restoration of the gut to the cavity of 
the abdomen constitutes congenital umbilical hernia. 

The histological alterations incident to the develop- 
ment of the alimentary tube, from the beginning of the 
esophagus t** the end of the rectum, consist in the differen- 
tiation of the constituent elements of its walls from the two 
strata, the entotlerm and the visceral mesodenn, which com- 
pose the walla of the early ffut-tulK.'. As an initial st«p in 
the ])rocess, the cells of the mesodermic stratum undergo mul- 
tiplication and arrange themselves in a narrow loose inner 
sone and a thicker outer lamella. The inner layer subse- 
qnently becomes the snbmucoBa of the fuHy formed statu, 
while the cells of the outer layer undergo differentiation into 
unstripcd muscular tissue, and constitute the muscular coat 
of the <anal. In the case of the esophagus and stomach, at 
least, this muHcular tunic, in the fourth month, exhibits the 
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distinction between inner circulur, and outer longitudinal, 
laj-ere. The snrface-cella of the raesodermic stnttum of the 
primitive stumach and bowel become the endothelium of tlie 
serous coat. 

The glariidB of the entire canal are proclueta of the inner, 
ento<lerraic stratum, und tlierefore they are intimately related 
genetically, as well as liisto logically, with tlie mucous mem- 
brane. 

The glands of the Btoma,cli, both the peptic and the pyloric, 
originate from small ryliiidrieal eell-maases that have been 
prcKlueed by liK'al multiplication and aggregation of ento- 
dermal cells. By tlie liullowing out of the cylinders and the 
branching of the tubes thereby formed, the two varieties of 
gastric glands arc evolved. Both sets make their api)earance 
in the tenth week. Until the fourth month the peptic glands 
contain cells of but one type; at this peri(<d, however, cer- 
tain cells of these glands become altered by the gradual 
accumulation of grannies within their protoplasm, by which 
they are transformed into the cliaracteristtc acid or parietal 
cells of those glands. 

The glands and villi of the intestine are likewise products 
of the enliHlermal lining of the gut. Their evolution begins 
in the second month, and they are fairly well formed by the 
tenth week. As in the case of the gsistric glands, the glands 
of the bowel develop from rylindrical masses of entoclermal 
cells which are at first solid, but which later become hollowed 
out to form tubular depressions or follicles. In the region 
corresponding to the up|jer part of the small intestine many 
of these follicles branch to give rise to the glands of BmnnsT, 
while unbninched, simple, tubular depressions distributed 
throughout the entire lengtli of the bowel beeome the glands 
of LieberktUm. While the surface entoderm is thus growing 
into the underlying mesodermio tissue to form the glands, it 
becomes elevated into minute projections between the mouths 
of the gland-ducts, forming the villi of the intestinal mucosa. 
The connective- tissue core of the villus is derived from the 
underlying mescNiermic tissue, the cells of which, proliferat- 
ing, grow forth into the entoderm. The villi at first are 
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present throughout the large and the sraall intestine alike, 
beiug well developed by the fourth month. While the villi 
of the small bowel continue their development, those of the 
ki'ge intestine, after the fourth month, bt^in to retrograde. 
At the time of birth tlicy are still discernible, but at the end 
of the first month after birth they are completely obliterated. 
Meckel's Diverticulmn. — The vitelline duct, it will 
be remembered, is the aveuiie of communication between 
the early giit^tube and the umbilical vesicle. In the sixth 
week the umbilical vesicle has already begun to retrograde, 
and the vitelline duct is attached to the ventral extremity 
of the U-loop of tlie bowel present at this stage. Tlie vitel- 
hue duct in most cases suffers complete obliteration in the 
later stages of fetal life. lu some instances, however, its 
proximal extremity persists in the form of a small blind tube 
varying in length from one to several inches, which is known 
as Meckel's diverticulum. Since the site of attachment of the 
vitelline duct is not far from the termination of tile small 
intestine, Meckel's diverticulum, when present, is connected 
with the lower part of the ileum, at a ]»oint from one to three 
feet from its termination. Should this tube remain attached 
to the umbilical ajwrture and retain a patulous orifice, there 
would result a congenital fecal flstala.' 



THE OEVELOPMENT OF THE LIVER. 

The essential featurK* of the development of the liver will 
be more easily apprehended if the reader will not lo.se sight 
of tlie fuct that the organ is a compound tubular gland, and 
if, further, he will recall the method by which glands in 
general are developed — that la, as evaginationa of the wall 
of the cavity or oi^n to which they pertain. 

The first step in the evolution of the liver is the growth 
of a divorticnlnni from the ventral wall of the gut-tube at a 
point corresponding to the region of the future dnodenum. 
This occurs in the third week, since His found the diver- 
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ticulam in a liumaii embryo of 3 mm. The siogte diver- 
ticulum ' very speedily bifurcates at its distal extremity (Fig. 
85). The very short time that elapses between the first 
appearance of the cvagination and its division into two 
branches explains the statement made in some text-books 
that two diverticula are present from the first. The heitatic 
diverticulum is said to grow into the septum transversum 
{vide Development of the Diaphragm, p. 158). The dorsal 
part of the septum tniusversuni or primitive dia]>hragm, the 
region just ventral to the bowel, contains a mass of young 
connective tissue, rich id cells and blond-ves^lg, M'hich has 
been designated the prehepatlciu, and the liver-ridge, by His 
and KoUiker respectively (Fig, 78). It is into this vascular 
and cellular mass that the liver 
diverticulum inserts itself. The 
septum transversum is united in 
the median plane of the body w ith 
the ventral mesentery, and since 
theventral mesentery is connected 
with the region of theinte'5tinefM im 
which the hepatic diverticuliun 
is evaginated. the latter passes 
between the two layers of the 
mesenterj' to reach the liver- 
ridge (Fig. 90). This fact con- , 
stitiites the key to the topo- °*^ 
graphical relations of the liver apu 
and its peritoneal "ligaments," ^' 
as will appear hereafter. 

The two diverticula resulting 
from the division of the original 
single evagi nation embrace be- 
tween them the two vitelline 
veins, and by repeated branch- 
ing produce the right and the 
left lobes of the liver. Before branching, the diverticula 
become greatly thickened at their distal extremities by 

' Single, according to HIh, KiJlliker, Hertwig, Miiiot, and Piemol. 
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abundant cell-proliferation. The numerous branches into 
which they diviile are not tubes, but solid cylinders of 
cell?, the bepatic cyliaderB. The secondary branches of 
these cylinders unite with curresjMtnding branches of 
adjacent systemsi, producing thereby a network of inoscu- 
lating cell-cords, the meshes of which are occupied by 
young connective-tissue cells and the developing blood- 
vessels. The connective and vascular tissue of tlie liver- 
ridge, thus surrounding and permeating the epithelial cell- 
cords, produces all the conuective-tiBsne parts of the liver, 
while the liver paxenchjrma — the ]>roper hepatic cells — and 
the epithelium of the bile-ducts originate from the primitive 
entodermic evagination. The cords of cells are in part hol- 
lowed out to form the bUe-dncts and bile-capilUiies, and in 
part become the cells of the lobules. The cylinders that are 
to produce the bile-ducts acquire their lumen by the fourth 
week. 

Uutil the middle of the fourth month, the right and leil 
lobes of the liver are of equal size, but afier this period 
the right lobe outstrips the left in growth. The liver grows 
very rapidly and is relatively of much greater size in the 
fetus than in the adult, almait tilling the body-cavity at the 
third month. In the later months of pregnancy it reaches 
almost to the umbilicus, while at birth it makes up one- 
eighteenth of the body-weight. 

The gall-bladder develops as an evagination from the 
original diverticulum. It is present in the second month. 
The pedicle of this evagination lengthens somewhat and 
becomes the cystic duct. The stiilk of the hepatic evagina- 
tion itself becomes the ductus communis cboledocIiuB. 

The ligaments of the liver, save the n)un<i ligament, 
are simply folds of the peritoneum which connect the orgiin 
with the abdominal wall. Falling into the same cat<'gory, 
though not usually designated a ligament, is the gastrobepatic 
omentum, which connects the liver with the stomach. These 
various peritoneal folds may be looked upon as parts of the 
ventral mesentery. Since the liver evagination grows be- 
tween the two lavers of the vcntr;il niesenten- to reach the 
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septum transversum, the liver will be found, in the early 
stages of its development, embedded between tlie lamellse 
of tills mesentery, which is a median vertical fold of peri- 
toueum (Fig. 90). The liver is therefore enclosed in tlie 
peritoneum and is connecteil below, by a part of the ventral 
mesentery, with the le.sser curvature of the stomach, which 
still lies in the median plane of the body, and above and in 
front, with the diaphragm and the ventral body-wall by the 
upper and anterior part of the same structure. The latter 
fold is somewhat modified by the intimate association of the 
early stage of the liver with the primitive diaphragm, the 
liver having developed within a portion of the eeptura trans- 
versum, the liver ridge. As development advances, a par- 
tial separation of the liver and the diaphragm is effected, the 
peritoneum, as it were, growing between the two from both 
the ventral and the dorsal edges of the liver. The region 
which is not invade<] by the peritoneum represents the non- 
peritoneal surface of the adult liver between the lines of re- 
flection of the two layers of the coronary ligament. Since the 
peritoneum on the under surface of the diaphragm is reflected 
from that muscle, both in front of and behind this area of 
contact, to become continuous with the peritoneum on the 
convex surface of the liver, there are formed two transverse, 
parallel, but separated, folds which constitute the coronMT 
ligament of adult anatomy. The lateral prolongations of 
these folds to the lateral wall of the abdomen constitute the 
lateral ligaments of the liver. 

The rotation of the stomacli to assume Its permanent rela- 
tions alters the position of the fold that connects its lesser 
curvature with the liver, bringing this fold into a plane par- 
allel, approximately, with tli« ventral wall of the abdomen. 
This fold is now the lesser or gastrohepatic omentum. 

The ronnd ligament of the adult represents the impervious 
vestige of the umbilical vein. This vessel, entering the fetal 
body at the umbilicus and passing to the under surface of the 
liver, diverges from the abdominal wall to reach that organ 
and. In doing so, carries with it the i«irietal peritoneum. 
The fold thus formed is the foldform or angpensorr ligament. 
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The special srstem of blood-vessels helongiag to the liver 
is described in the chapter on the Vascular System, p. 161. 

THE DEVELOPMENT OF THE PANCREAS. 

Jofit as the liver is proJuced by an evagiuation frooi the 
ventral wall of the future duodeuum, so is the pancreas 
originated by an evagination from the dorsal wall of the 
same region of the gut-tube (Fig, 86). The diverticulum 
growB between the two layers of the dorsal mesentery (Figs. 
86, 88, and 90), where it encounters embrj'onic eijnnective 
tissue, the cells and the blixKl- vessels of which, becoming 
associated with the epithelial entodermic evagination, give 
rise to all the rascular an<l connectiTe-tissae parts of the 
gland. The detaiLs of development correspond closely with 
those of the salivarj' glands, with which the psincreas is prac- 
tically identical in structure. The atalk of the diverticulum 
becomes the dnct of the mature gland. Although the orifice 
of the duct, in early slages, is on the opposite side of the 
bowel from that of the common bile-duct, the two ajwrtures 
are made to approach eacb other and are iinallv, in most 
cases, merged into one by the unequal growth of the lateral 
walls of the intestine. In the adult, therefore, the duct of 
the pancreas and that of the liver and gall-bludder open into 
the duodenum by a common orifice. 

Since the pancreas develops between the folds of the dorsal 
mesentery, it has a complete investment of peritoneum in the 
early stages of fetal life. Tiie alterations by which this con- 
dition is changed, making the pancreas a retroperitoneal 
organ, will be noted in the account of the peritoucura. 

THE DEVELOPMENT OF THE SPLEEN. 

Although the spleen does not belong to the digestive sys- 
tem, it may conveniently be considered here because of its 
position and relations. 

This organ is differentiated from the memdennic tosue 
found between the layers of the niesogastrium in close 
proximity to the developing pancreas (Fig. 90). Prim- 
itively, therefore, it la situated behind the stomach. The 
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first step in ite development, recognizable at about the 
end of the second mooth, ia the accumulation of nnmerona 
lymphoid cells with lai^e granular nuclei. The mass is aug- 
mented by the addition of cells immediately beneath the 
jieritoneal surfaces of the mesogaHtrium, which cells elongate 
until they are spindle-shaped and then become a^regated 
into fiifiiform maBaes. B1o<hI- vessels penetrate the fundament 
in the third month and become Burroundcd by cells of the 
same 8pindle-sha|ied type. From both the cells snrrounding 
the blood-vessels and from those of the fusiform aggrega- 
tions, processes grow out and unite with each otlier, and from 
the network thus formeil the trabecular framework of the 
organ is ultimately evolved. AcciimiihitionH of small nucle- 
ated cells, forming dense masses along the arteries, furnish 
the chief constituent of the pulp. The delicate intercellular 
substance which makes up the remainder of the pulp is filled 
with blood-corpuscles. The Malpighian corpuscles appear 
before the end of the fourth month. By the sixth month, 
the spleen attains its characteristic sha]>e and the fibrous cap- 
anle is clearly indicated. 

The spleen undergoes a change of location coincident witli 
the rotation of the stomach and the alteration of the meso- 
gastrium. The oi^n being from the first cmbeddetl within 
the mes<^;astrium, it follows that peritoneal fold to the left 
side of the abdominal cavity. Here it lies close to the 
cardiac end of the stomach, between the two layers of the 
mesogastrium, but projecting toward the left. The part of 
the mesogastrium which intervenes between the spleen and 
the stomach is the gastrosplenic omentmn ; while the jiart that 
passes from the spleen to the p<jsterinr wall of the abdomen, 
representing the iiarietal attai-hnient of the mesogastrium, 
constitutes the phrenic osplenic omentum. 

THE EVOLUTION OF THE PERITONEUM. 

The arrangement of the peritonenra being subordinate to 
the position and relations of the viscera contained within the 
abdomen, the development of this complex membrane can be 
properly described only by tracing the growth of the digestive 
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syEteiD. Ab the form&tioD of the early giit-tiibe by the in- 
folding of the sptanchnopleu re haH been pointed out (pp. 
169 and 171), we may begin at once with the (leriod when the 
tract has the form of a straight tube connefted with the 
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don«at and the ventral body-wall respectively by the doreal 
and the ventral mesentery (Fig. 91). Covering the tube as a 
constituent part of its wall, is the splanchnic or visceral layer 
of the mesoderm, while the somatopleuric or parietal layer 
of the latter lines the wall of the body. Obviously these 
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two laniellse of the masoderm are continuous with each other 
through the medium of the mesenteries mentioned above 
(Fig. 92, A and B). The space thus enclosed by the meso- 
dermic strata is the body-cavity or coelora or pleuroperitoneal 
cavity. The surface-cells of both strata flatten and assume 
the character of mesothelial, the later endothelial, cells. If, 
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at this stage, one l>egins at any jwint to trace the mesothelial 
lining of the body-cavity, that lining is found to form prac- 
tically one continuous sheet. 

This simple arrangement of the primitive peritoneum is 
transformed into the complicated membrane of the adult, 
primarily, by the increase in length and consequent tortuosi^ 
of the alimentary tube; and, secondarily, by the fact that 
certain opposed portions of the serous membrane, which have 
been brought into contact by the altered relatitms of the 
bowel and the stomach, undergo concreacence or fusion 
with each other. Simultaneously with these alterations, the 
original pleaxoperitoneal cavl^ suffers division into the ftb- 
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dommal or peritoneal cavity and the thoracic part of the 
ho(ty-cavity by the development of the (liaphRigni. This is 
de.srriVted on |i. 158, 

Tlie first modiflcation of tlie original arrangement is effected 
by the development of the stomach as a spindle-shaped dila- 
tation of the gut-tiibe, differentiating the tube into the 
stomach and the intestine, and the common dorsal met^ntery 
into tlie mesoeastrinm and tlie intestinal mesentery. The 
drawing out of the U-shaped loop of the intestine from the 
dorsal body-wall, which ie the preliminary step to the dis- 
tinction between the small intestine and the colon, increases 
the length of the intestinal mesentery to a corresponding 
extent (Fig. 92, C). As heretofore indicated, the lower 
limb of the loop presents an enlargement which is the begin- 
ning of the development of the large intestine. 

An importjint stage in the evolution of the peritoneum is 
marked by the rotation of the stomach and by the migration 
of the proximal part of the large intestine to a new location. 
The change of position on the part of the colon may perhaps 
be beat expressed by saying that the U-loop of intestine 
rotates upon an oblique dorsoventral axis, whereby the lower 
limb of the loop, in other words, the termination of the small 
bowel and the beginning of the colon, is carried to a position 
above, cephalad to, the upper limb (Fig. 89, -4). This rota- 
tion brings the beginning of the colon into the right hypo- 
chondriac region of the abdomen, from which point the 
transverse colon passes across the abdominal cavity, ventrad 
to the proximal end of the small intestine or duodenum. As 
a consequence of the altered situation of the transverse part 
of the colon, its mesentery shifts its ai-ea of attachment by 
fusing with the peritoneum of the dorsal wall along a hori- 
zontal line and also with that of the ventral surface of the 
duodenum. The descending colon having meanwliile moveil 
to the left, ita mesentery likewise acquires a new area of 
attachment by concrescence with the parietal peritoneum of 
the doi^al wall of the abdomen on .he left side. During the 
progress of these alterations, the small intestine increases in 
length, and its mesentery becomes correspondingly more 
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voIumiDous both in the extent of its intestinal border and 
in length. The cj^nvolutions of the small intestine now 
occupy the space below the transverse colon and its mesen- 
tery. 

The duodenum, which in tJie early slage shares with the 
gastro-intestinal tube in t)ie pogsessiun of the common dorsal 
mesentery, loses its mesenterial cnnnectioD with the abdomi- 
nal wall and becomea thereby a fised part of the intestine. 
Mention was made above oi* the fusion (»f the transverse 
mesocolon with the peritoneum of the ventral surface of the 
duodenum. At about the same time, the du(«Ien!il mesentery 
(Fig, 89, A) fuses with the parietal peritoneum of the poste- 
rior abdominal wall, the result being that the lower layer of 
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the transverse mesocolon, as it passes downward, is now con- 
tinuous with the parietal peritoneum, there being no longer 
any serous membrane between the transverse part of the 
duodenum and the abdominal wall (Fig. 93, B). This part 
of the duodenum therefore becomes retroperitoneal, there 
being an investment of serous membrane only on its anterior 
or ventral surface. 
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The second modi^rmg factor in tiit; complication of the 
peritoiieum, the rotation of the stomacli, initiates alt«mtioDa 
in its mesogastrium. The latter membrane, it will be re- 
meml)ered, is a vertical median fold of peritoneum con- 
tinuous with the mesentery of the duotlenuui {Fig, 92, C). 
As the stomach moves about its two axes of rotation, the 
mesogastrium begins to sag toward the left (Fig. 89), so that 
now it constitutes a pouch or fossa, the omental bursa, situ- 
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flt«d between the stomach and the dorsal lio«ly-wall, the 
opening of which looks toward the right side of the body 
{Figs. 93, A and 94). With the rapidly increasing re- 
dundancy of the mesogastrium, the omental bursa l)ecome9 
more and more capacious. In correspondence with the pro- 
gressive rotation of the stomach, what was at first the left 
surface of the mesogastrium comes into contact with the 
peritoneum of the dorsal abdominal wall and fuses with it, 
thus changing its area of parietal attachment from a median 
vertical line to a transverse one. This change is completed 
by the time the stomach has attained its normal adult posi- 
tion. The omental bursa now has the position and relations 
shown in Fig. 93, A, 8. A still further increase in the size 
of the bursa results in its protrusion downward in front of, 
ventrad to, the transverse colon and the small intestine. Ref- 
erence to Fig. 93, B will show tliat the dependent part of 
the bursa very nearly corresponds \*ith the fully formed 
great omentum. It will be seen, however, that the deeper 
layer of the bursa, the layer nearer the intestines, may be 
traced above the transverse ('(iJon and its mesentery to the 
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dorsal wall of the abdomen, where its two kmellie separate 
to enclose the pancreas, one laniina passing over the ventral 
surface of the pancreas to become continuous with the parietal 
peritoneum, while the other layer passes between the pancreas 
and the aUlomiual wall. The latter layer is in continuity 
here with the parietal peritoneum, which almost immediately 
leaves the abdominal wall to form the upper layer of the 
transverse mesocolon. 

The further alterations necessary for the attainment of 
the completed condition consist in the concreBcence of 
certain opposed peritoneal snifacea. As a conspicuous ex- 
ample of such concrescence, the deeper lamella of the layer 
of the omental bursa just described fuses with the ventral 
peritoneal surface of the transverse colon and with the 
upper layer of the transverse mesocolon (Fig. 93, A), after 
which event this deeper lamella is practically contlDuous 
with the lower layer of the mesocolon, while the superficial 
lamella is in continuity witli the upper layer of the meso- 
colon (Fig. 93, B). Thus the transverse colon appears 88 if 
enclo.'<ed .between the two laraellffi of the deeper layer of the 
great omentum, while its mesocolon is constituted by a part 
of the same structure. In other words, the adult transverse 
mesocolon includes not only the primitive membrane of that 
name but also a part of the early mesogastrium. Similarly, 
the opposed surfaces of peritoneum between the pancreas and 
the dorsal abdominal wall undergo fusion (Fig. 93), the effect 
of which, after the concrescence of the mesocolon with the 
deeper layer of the omental bursa, is to make the lower layer 
of the mesocolon ci>ntinuous, over the transverse part of the 
duodenum, with the parietal peritoneum. 

The great omentom of descriptive anatomy, resulting from 
the downwardly projecting process of the omental bursa, 
consists originally of two layers of membrane, each one 
having two serous surfaces. At the time of birth these 
two layers are still separate — the permanent condition in 
some mammals — but during the first year or two after birth 
they become adherent, the great omentum thus coming to 
comprise but a single layer. 
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It remains to note tlie metamorphosiB of the ventral mesen- 
tery, which, prior to the rotation of the stomach, is a vertical 
median fold connecting tJie lesser curvature of that viscus 
with the ventral abdominal wall. Since the evagjnation of 
the gut-tube that gives rise to the liver grows between the 
layers of the ventral mesentery to reacli the septum trana- 
versum, the liver is not only enclosed by the mesentery, but 
is connected by it with tlie stomach and witli the ventral 
wall of the abdomen and also with the primitive diaphragm 
(Fig. 92). By the rotation of the stomach, the vertical 
median fold wliich connects that organ with the liver becomes 
so altered in position as to lie in a piano approsimately par- 
allel with the ventral surface of the body. This fuld is now 
the gastrobepatic or lesaer omeatnm. As reference to Fig. 
93 will show, it is the anterior boundary, above the position 
of the stomach, of the foa described above as the omental 
bursa. 

That part of the ventral mesenterj- that connects the liver 
with the abdominal wall and with the diapliragm, while 
originally oociipying the median plane, iw modified by the 
relation of the developing liver to the primitive diaphragm. 
These organs are intimately united with each other {p. 159) 
in the early stage of their growth, but with their completion 
a separation takes place. Upon the two separated surfaces, 
except in a region near the dorsal wall, the cells assume the 
endothelial type, the opposed surfaces thus aGC[niring the 
chameters of serous membrane. The peritoneum on the 
under Burfaee of the diaphragm is continuous with tliat on 
the upper surface of the liver, both in front of and behind 
the non-peritoneal area of contact. Therefore, in the com- 
pleteti condition of the liver and the diaphragm, these two 
structures are connected by two layers of pt;riloneum sepa- 
rated from each other by a region containing only areolar 
tissue. These layers constitute the coronary ligament of the 
liver. If now Fig. 93 is inspected, it will be seen that the 
posterior layer of the lesser omentum, and the upper layer 
of the transverse mesocolon, together with that part of the 
peritoneum with which they are in direct continuity, enclose 
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a sac which is the so-called lesser bag of the peritoneiun or 
the lesser peritoneal cavity. All other parts of the porho- 
neiim taken together constitute the greater peritoneal cavity. 
The com mini icution between the two, the foramen of Winslow, 
situated behind the free right border of tlie lesser omenlum, 
is the conatricted orifice of the early omental bursa. 

The position of the kidneys and the ureters as retroperi- 
toneal stmctures and the relulions of the bladder and of the 
uterus to the periloneura, encroaching as they do upon the 
parietal layer of this membrane, and being, therefore, in- 
vested by it to a greater or Less extent, are easily accounted 
for when it is recalled that all these organs develop from the 
somatic or outer layer of the mesoderm. 

The peritoneum does not acquire all the characteristic 
features of a serous membrane until about the third month. 
The histological alterations begin in the fourth week, from 
which time until the sixth week the superficial cells, the 
mesothelium, pass through various phases of transition to 
reach the condition of somewhat flattened elements. By the 
eighth week they have acquired the form of true endothe- 
llnm. It is not, however, until the third month that the 
subjacent tissue has attained to the condition of a fully- 
formed basement membrane. 



CHAPTER XII. 

THE DEVELOPMENT OF THE RESPIRATORY 

SYSTEM. 

Although the nasal chambers and the pharyngeal cavity 
contribute to the formation of the respiratory system, these 
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Fio. 95. — Scheme of the alimentary canal and Its acccasory orKiins (Bonnet). 

parts will not be considered here, since they are described 
elsewhere. 
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Anatomically and according to their mode of development, 
tlie longs might be looke<l upon as a pair of glands having a 
commoii duct, the trachea, which latter, thruugli the medium 
of it« diluted proximal extrem- 
ity, the laiTnx, opens into the 
pharyngeal cavity. In point 
of fact, these urganu are devel- 
oped as an ontgrowth from the 
entodermal alimentary canal ia 
a manner similar to the devel- 
opment of the liver and the 
pancreas. 

The first etep in the devel- 
opment of the lunge is the out- 
pouching of the ventral wall 
of the esophagny throiighont 
its entire length. The lon- 
gitudiual median groove thus 
formed is the pulmonary groove. 
It makes its appearance when, 
the embryo has a length of 3.2 mm. (0.128 inch) or prob- 
ably early in tlic thinl week. The groove is more pro- 
nounced at its lower or gastric extremity. As the groove 
deepentu, ita etiges approach and finally meet and fuse 
with each otlier. In this manner the groove is converted 
into a tube, which gmdually separates from the esophagus, 
the seftaration beginning at the end toward the stomach and 
progressing toward the plmr^'tix. The separatii>n, however, 
is not complete, stopping shnrt of the upper end of the 
groove, so that the tube retaintj communication with the 
pharyngeal end of the esophagus. Even liefore the cmi- 
stricting off of this tube or pnlmonaiy diverticnlnm is com- 
pleted, its free end bifurcates. The pulmonary anlago con- 
sists, then, at this stage, of two short wide pouches connected 
by a common pedicle with the primitive pharynx (Figs. 95 
and 96), and this condition is present in the fourth week. 

A'^ery soon after the end of the first month each of the 
pouches undergoes diviuon, the right one into three branches, 
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ijj size (Fig. 97). The further steps toward the attainment 
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of the completed condition consist largely in the continued 
repetition of this process of dichotomuua division (Fig. 98), 
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which latter goes on until the sixth mouth. The original 
evagination, consisting of entoderroal epithellnm, gives rise 
only to the epithelial parts of the lungs and air-jinssages. 
All the other constituents, the connective tis.'^ue, the mus- 
cular, vascular, and cartilaginous elements, are products of 
the meBodermic tisaue Into which the diverticulum grows. 
Upon their first appearance the "tubes" are always solid 
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epithelial cylinders, tlie lumina being acquired later. At 
first, the lining entodermal cells of the primitive tubes are 
tall and cylindrical, the tubes themst'lves having a relatively 
small lumen. In the fourth month the cells acquire cilia. 
From the anatomical standpoint, the lungs now present the 
characters of compound saccular glands. 

From the sixth month to the end of gestation occur the 
changes which give to the i>rgans their essential character- 
istics. Upon the dilated extremity of each terminal tube 
numerous little evaginations develop. These are the air-sacs, 
or pnhnoiiaTT alveoli, the terminal tubes from which they are 
evaginated being the alveolar passages and tlic infimdibnla. 
Their wails remain very thin and their lining I'pitliclium 
flattens to such a degree as to closelv resemble endothelium, 
The trachea is simply the elongated atalk of the pulmonary 
diverticulum. 

The larynx is the dilated proximal extremity of the pedicle, 
specially developed to serve as an organ of phonation. One 
of the earliest changes is the appearance of two ridges at 
the junction of the primitive trachea with the esophagus. 
These are close together in front, ventrally, but separated 
behind. They are the first indication of the vocal cords. 
The arytenoid cartilages arc indicated in the sixth week and 
the other cartilages soon after. These are not actually car- 
tilaginous, however, until the eighth or ninth week. 

The development of the plonra ban been described in con- 
nection with tliat of the pcrit-ardium and of the diaphragm 
{p. 158). 

THE THVROID AND THE THYMUS BODIES. 

These oi^ns may be considered in this connection, as a 
matter of convenience and because of their embrj'ological 
relationship to the respiratory system, being developed, like 
the latter, from the epithelium of the gut-tract. 

The thyroid body, an orgim common to all vertebrates, 
genetically consists of two parts, a median lobe and two lateral 
lobes. 

The median portion originat«^ from an evagination of the ven- 
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tral wall of the pharynx, in the mediaa line, posterior, caudod, 
to the tubercuhim irapar, and between the ventral extremities 
of the first and second visceral arches. This median divert- 
iculum is present in the human embryo of 5 mm. It soon 
pouches out on either side, assuming thereby the form of an 
epithelial vesicle connected by the constricted pedicle of the 
diverticulum with the ventral wall of the pharynx (Fig. 99, 3). 
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From the situation of the original point of eviiginatiun be- 
hind the tuberculum impar and ventromesial to the two 
halves of the posterior segment of the tongue, the orifice of 
the pedide corresponds to the line of junction of the three 
parts of the tongue. As a ponsequence, when these parts 
unite, the pedicle or duct is prolonged upward and comes to 
open upon the surface of the tongue. The canal is known 
as the thjTOKloBsal duct or canal of His. In the fifth week 
it begins to atrophy, and usually by the eighth week has be- 
come obliterated. Occasionally it persists throughout life. 
The foramen ceecnm on the dorsum of the tongue is the 
vestige of the orifice of the duet. Other vestiges of the 
thyroglossal duct are sometimes present. For example, the 
lower part of the duct may persist as a short tube, the 
tbyroid duct, leading upward from the median lobe to the 
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liyoid bone; aod i^;aiii, according to His, isolated persistent 
segmentH of the duct constitute the little vesicles in the 
neighborhoo<l of the hyoid bone which are known respect- 
ively as the accessory tlirroid, and the suprahroid and pre- 
liyoid glands. 

The lateral lobes of the thyroid body Ijegin their develop- 
ment somewhat later than doe» the nie<lian lobe. In the 
embryo of 10 mm., the fourtli inner visceral Autot or throat- 
pocket of each side pouches out to form a vesicle (Fig. 99, 
8). As the vesicle grows, its pedicle becomes attenuated and 
finally disappears. After their isolation from the throat- 
pockets, the vesicles give out small bud-like proceswfs after 
the usual manner of tl»e development of glands and gradu- 
ally approach the median lobe (Fig. 100, B). The tliree parts 
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unite proltably in tlie seventli week. In the vertebrates 
below mammals the lateral parts of the thyroid do not unite 
with the median segment, and in certain animals they remain 
widely sepamtctl from it as the Buprapericardi&l bodies. 

After the union of the three portions of the gland, the latter 
consists of a network of conls of cells, the meshes of which 
reticulum are occupied by embryonal connective tissue. Sub- 
uently the cords of cells become hollowed out and exhibit 
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alternating enlargenienti^ and constrictions. By the increase 
of the const rictionn the continuity of the cell-cords is inter- 
rnptecl at short intervals, and so the network is converted 
into numerous closed follicles lined with epithelium, the forma- 
tion of follicles beginning in the eighth week. The follicles 
later untiergo considerable increase in size on account of the 
secretion by their epithelial cells of a peculiar colloid material, 
characteristic of the thyroid body. The embryonal connective 
tisBUB, made up necessarily of niesoilermic elements, furnishes 
the connectiTB -tissue framework and the blood-vessels nf the 
organ, while the epithelium originates io the manner indicated 
from the entoderm of the gut-tract. 

The Thymtis, — What remains of the thymus after the 
second year of liii' is made tip chiefly of lymplioid and con- 
nective tissue, I'lnbiKlded in which are characteristic little 
epithelial bodies, the corpuscles of Hassall. 

The epithelial parts of tlie thymus, in all vertebrate ani- 
mals, are derived from the entodermal lining of the pharyn- 
geal region of the gut-tract. In the lower groups, such as 
reptiles, amphibians, and bony fishes, the epithelium of alt 
the inner visceral clefU or throat-iwiiches shares in the de- 
velopment; while in binls, only two or three cleft? lake 
part, Iri mammals, however, including man, the thymus 
body is derived probably from btft one throat-pocket, the 
third. 

The entodermal epithelinm of the third inner pouch be- 
comes evaginated (Fig. 99) Eo form an epithelial sac whose 
connection with the pharyngeal cavity is subsequently lost. 
The isolated and elongated sac soon gives out small lateral 
buds or processes at the distal extremity. While the original 
sac has from the first a cavity, the bud-like branches arc 
solid masses of epithelium. The branching continues and 
affects not only the lower or distal extremity of the thymus 
sac but also the pmxiraal end, the stnicture now resembling 
an acinous gland (Fig. 101). Wliile this griiwth is taking 
place, the epithelial mass is being invaded by lymphoid cells 
and young cunnective tissue with developing blood-vessels. 
The encroachment by these elements continues to such an 
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extent that lymplioid tiBsne hecomes the predomiDant con- 
stituent of the thymus, the ejiithelial parts suffering reduc- 
tiou, relatively, aud becoming- finiilly broken up into isolated 
masses which are the corpuscles of 
Hassall of the mature gland. Tlie 
breaking down of the epithelial cords 
is probably responsible also for the 
irregular cavities of the thymus. 
Not until after birth do the glands 
of the two sides of the body unite to 
form a single unpaired Btrnctare, and 
the development of the thymus is 
not completed until the end of the 
second year of life. Having attained 
its full development, the organ begins 
to retrograde, and at the time of pu- 
berty has almost disappeared. Al- 
though sometimes persistent through- 
out life, it usually suSers complete 
obliteration, or at most, is repre- 
sented by an insignificant vestige. 
While the epitlielial parts of the thy- 
mus body, represented in the fully 
developed organ by the corpuscles 
of Hussall, are derived from tlie ento- 
dermal epithelium of the thin! inner 
viscera! furrow, all other partti, the 

lymplioid tissue, connective tisane, and blood-vessels, are pro- 
ducts of the surrounding mesoderm. 
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CHAPTER XIII. 

THE DEVELOPMENT OF THE QENITO-URINARV 
SVSTEiH. 

Owing to the intituate anatomical and functional uHsocia- 
tion of the generative organs with tlie urinary apparatus, it 
is necessary to discuss the development of these two systems 
together. 

THE DEVELOPMENT OF THE KIDNEV AND URETER. 

The origin of the kidney and ureter of the liiglier vertt-- 
brates is associati^d with the development of certain fetid 
etruetures, the pronepliros an{l t he mesonepIiTos, which represent 
respectively the kidney of larval amphibians and the perma- 
nent kidney of fishes. In man and other allied types, the 
former structure is of little or no importance fnnctionally, 
while the ktter functionates during a part of fetal life as the 
organ of urinary excretion, prior to the development of the 
permanent kidney. 

The prosephros or bead-kidney constitutes the most primi- 
ttre vertebrate type of a mechanism for the excretion of urine. 
This structure Ims^ ilw origin in the niesothelium of the lK>dy- 
cavity, and in the following manner: When the paraxial 
mesoderm, which subsequently divides into the somites, is 
ahout to separate from the parietal plate of mesoderm, the 
two parts are connected for a time by an intervening thin 
band of tissue, the middle plate (Fig. 102, mp). On the 
outer side of this middle plate, the me.sothelial cells of the 
parietal layer of the mesoderm become invaginated in a line 
parallel with the axis of the body to form a cord of cells 
which at several points retains its connection with the surface 
cells. Further changes bring about the hollowing out of the 
cell-cords so that there results a long tube, the pronephrlc or 
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segmental duct, which has several short transverse ttibules 
opening into it ami coramunicating by their opposite ex- 
tremities with the body-cavity (Fig. 103). The mesothelium 
in iDimediate proximity to tlie free end of each short tube 
is invaginatcd by a tuft of capillary blood-vessels from a 
branch of the adjacent aorta to constitute a glomemlTis (Fig. 
103, hb). The pronephric duct passes tailward and opens 
into the cloaca, a recepticle whicli receives, in common, the 
terminal orifice of the primitive bladder and that of the 
primitive intestine. It is apparent, therefore, that the pro- 
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nephros or head-kidney ia anatomically adapted to the func- 
tion of removing certain substances fmm the blood by virtue 
of the action of the cells surrounding the ghimeruli or tufta 
of capillary blood-vessels, and that these substances may be 
conveyed away through the duct into the cloaca and thence 
evacuated from the body. This organ is functionally active, 
however, only in certain lower classes of vertebrates, us in 
the Amphibia during the larval stage and in bony fishes. In 
mammals it is exceedingly rudimentary and very soon gives 
place to a, more important oi^n, the mesonephros. 

The Uesonepliros or Wolffl^n Body. — As in the case of the 
pronephros, the nrifjin of the mesonephros is to be found in 
the parietal meBothelium of the Inxly-cavity or aelom. Ref- 
erence has been made, in treating of the primitive segmenta. 
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page 69^ to the middle plate (Fig. 102) as a tract of 
mesodermic tissue connecting the paraxial tract with the 
parietal plate. When the paraxial mesoderm segments to 
form the somites, the middle plate likewise undergoes seg- 
mentation, each segment being designated a nepbrotome. 
Each nephrotome, in the lower vertebrates, contains a cavity 





Fig. 103.— Diagrum of pro- 
nephros (P) and pronephric duct 
(PU): Al, allantois; (?, gut; a, 
cloaca; 66, glomeruli. 



Fig. 104.— Diagram of Wolffian 
body and duct : Al, allantois : G 
gut : Q, cloaca ; K. kidney cvagi- 
nation. 



which communicates with the general body-cavity and which 
is therefore, in effect, an cvagiiiation of the mesothelium of 
this space. In mammals, however, as well as in reptiles and 
birds, the nephrotome is a solid cord of cells. By the hol- 
lowing out of these cell-cords or nophrotomes, a series of 
transversely directed tubules is formed, each nephrotome, in 
fact, becoming converted into a short caual. These tul)es 
iicquire connection by their deej>er ends with the previously 
formed pronephric duct (Fig. 1(K3), which is known here- 
after, therefore, as the mesonephric or WolfBian duct (Fig. 104). 
The latter duct and the short transverse tubules which open 
into it constitute the Wolffian body or mesonephros (Figs. lOo 
and 106, 1). Hence, in its fully developed condition, which 
is attained by the seventh week of fetal life in man, the 
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"Wolffian body consists of a tube or duct lyiug behind the 
parietal layer of the mesoderm, parallel ivith, and lateral to, 
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the primitive vertebral colum n, and opening at the caudal end 
of the embryo into the cloaca ; and of a series of transverse 
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WolfGan tubules opening into the duct and abutting by their 
opposite ends upon the tiody-cavity. At the head-end of the 
Wolffian duct, the now atrophic pronephric tubes are still in 
connection with it. 

It \s usual for writers ujwn embryology to compare the 
general form of the Wolffian body to a comb, the short 
tubules representing the teeth, and the duct corresponding to 
the back of the comb. 

As a further step in the development of an organ adapted 
to the function of the secretion of urine, each Wolffian tubule 
becomes somewhat saccular midway between its two extremi- 
ties, and this dilated part of the tubule is invaginated by the 
capillary branches of an artery from the aorta. In this 
manner the cells that line the tubules are brought into rela- 
tion with the blood of the fetus and acquire at the same lime 
the characters of secreting epithelium. Such an invaginating 
tuft of capillaries, known as a glomemluB, with its enveloping 
capsule of Bowman, which latter is the invaginated saccular 
part of the tubule, constitutes a primitive Malpighian cor- 
puscle, a structure analogous to the Miilpighlan corpuscle of 
the permanent kidney. The complexity of the organ is in- 
creased by the development of secondary tubules and Mal- 
pighian corpuscles connected with those first formecl. 

The horizontal or trajuverse tubules of the Wolffian body 
are divisible into an anterior or upper series, distinguished as 
the sexual segment, an<l a lower set of atrophic tnbalas — 
atrophic for reasons that will appear hereafter. In certain 
vertebrates that are of higher iy\<e than those in which the 
pronephros functionates, such iis adult amphibians and fishes, 
the Wolffian body persists throughout life as an organ of 
urinary secretion. In birds and mammals, however, its 
functional activity is but temporary, since it is supplanted, 
before the end of fetal life, by the |>ermanent kidney. In 
man it disappears relatively early, retrogression beginning in 
the eighth week and the Malpighian bodies having almost 
disappeared by the fifth month. The presence of the meso- 
nephros as a temporarily functionating organ in birds and 
mammals, while it is a permanent structure in certain lower 
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members of the vertebrate series, exemplifies the embryo- 
logical principlfi elsewhere referred to, that the higher types 
pass through stages during their development that are per- 
manent in some of the forms below them in the scale of 
evolution. 

Tlie Uetanephros or Peimaiieiit Kidney. — Wiiile the Wolffian 
body is temporarily [wriorniing the office of a kidnev, a 
structure is evolving fn>m its caudal extremity which 13 
to form the permanent organ. It has been stated that 
the duct of the Wolffian body opens into the cloaca. 
From this eloacal end of the duct, a little diverticulum or 
evagination (Fig. 104) grows forth and soon lengthens 
into a tube which extends head- 
ward toward the jwsition of 
the Wolffian body. The up]ier 
or anterior end of the tube 
branches to form a number of 
snialler tubes (Fig. 107). At 
the same time, the surrounding 
indifferent mesodermic tissue 
(Fig. 108) is altered in charac- 
ter, becoming condensed and vsa- 
cular. The blind end of each 
little tube, l>econiing dilatei^l and 
saccular, is invaginated by capil- 
lary blood-vessels. This trans- 
formation produces the Hal- 
pighian corpnscleB. The sacculated end of each tubule is now 
a capsule of Bowman, while the tuft of capillaries enveloped 
by it is the Klomemlas. It should be borne in mind that the 
glomerulus is not contained within the cavity of the tubule, 
but that the dilated end of the latter, still a shut sac, folds 
around the tuft of capillaries, enclosing it within a two- 
layered wall. 

The tubules, assuming tortuous and convoluted form, 
owing to excessive growth in length, constitute the niin- 
iferons tnbules of the adult kidney. According to Minot, 
the capsule of the kidney, which is produced by the sur~ 
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rounding mesoderraic titiBue, exercises aa important influence 
upon the form of the developing tubules, the resistance it 
offers to their centrifugal extension being the determining 
factor in producing the foldings and convolutions of the 
tubules. The progress of these metamorphoses is such that 
the kidney acquires its characteristic features by the end of 
the second month of fetal life. The original canal — that is, 
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the stalk of the diverticulum — is now the excretory duct of 
the kidney, the oxeter, while the dilated and branched upper 
part of the latter is the pelvis of the kidney witli its calyces 
and InfnndibiUa. The connect! ve-tissne stroma :uid capsule 
of the oi^n, in ci>mmon with its blood-veBsels anil lymphatics, 
are products of the surrounding mesodermic tissue. It is 
apparent, therefore, that all parts of the kidney and its duct, 
the epithelium as well as the connective tissue, are derived 
from the mesoderm, since the Wolffian duct, from which the 
tubules and the ureter with their epithelium develop, is itself 
a product of the mesodermic cells, or mesothelium, lining 
the body-cavity. 

THE SUPRARENAL BODIES. 

The development of these structures is still involved in 
Bome obscurity. Most observers agree that they are geneti- 
cally connected with the mesonepliros or primitive kidney, 
but whether the organs, as represented in the adult condition, 
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are derived solely from this source is not as yet definitely 
nade out. 

The origin of the suprarenal Ixidy is variously ascribed by 
different investigators — I, to a group of conneotive-tiraue 
cells fonnil at the up{>er end of the primitive kidney ; 2, to 
the germinal epithelium of the anterior or hoad-end of the 
genital ridge; and 3, to epithelial outgrowths from the 
mesonephros or primitive kidney. The last named is re- 
* garded by Hertwig and by Minot as being the most probable 
source. Tlie epithelial outgrowths referred to bud forth from 
the glomeruli of the primitive kidney and divide, each into 
two branches, one of which grows into the indifferent sexual 
gland to produce a part of its structure (as described in the 
sections on the ovary and on the testis), while the other turns 
dorsad and spreads out to furm eventually the corttcal part 
of the suprarenal body. 

The origin of the medullary part of the organ is also a 
disputed point. On the dorsal side of the primitive kidney 
chains of small cells grow forth fmm the embryonic ganglia 
of the sympathetic system. These latter become surrounded 
by the cells derived from the mesonephros, as well as by 
embryonic connective-tissue cells, and are divided into small 
groups. AceonJing to Hertwig,' who follows Balfour, Braun, 
and Kolliker, the cells budding from the sympathetic ganglia 
produce the medullary part of the organ. Minot, on the 
contrary, believes that these cells later entirely disapjwar and 
take no part in the formation of the medulla. 

In the early stages of fetal life, the suprarenal body is rela- 
tively mueh larger tlian in thi? adult condition, and is situated 
chiefly on the ventral surface of the kidney. At about the 
third month It begins to a.ssume more nearly its normal 
position. 

The account of the development of the bladder and of the 
urethra may be deferred until the evolution of the internal 
sexual system shall have been considered. 

' En(wickelLiagHg«schiobte, fifth edition, Jena, 1896. 
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THE DEVELOPMENT OF THE INTERNAL QENERATIVE 
ORGANS. 

The Indifferent Type. — The internal generative organs of 
botli sexes, in the course of their development, pass through a 
stjige in which there is ttj Im; found nu distinction of sex. 
This stage is designated, therefore, the indifferent type of 
sexual apparatus. 

While the Wolffian hody is attaining its full development, 
there appears in its vicinity a tube, the duct of UtUlflr (Plate 
VII., Fig. 1), which lies parallel with, and in the outer side 
of, the Wolffian duct. The exact mode of origin of the duct 
of MuUer has not as yet been definitely made out. Accord- 
ing to one view, its upper or cephalic portion is produced 
by an invagination of the niesothelium of the body-cavity, 
while the' remaining lower segment results from a fission 
or longitudinal division of the Wolffian duct. In what* 
ever way the duct may be formed, its lower or caudal 
end opens into the cloaca, wiiich receptacle receives also 
the termination of the Wolffian duct. The upper end 
of the duct maintains a communication with the body- 
cavity or coelom by means of an expanded funnel-shaped 
mouth. Its lower segment is closely associated witli its fel- 
low and with the Wolffian ducts, forming thus the genital 
cord. The function of this canal in lowly oi^nized ani- 
mals—that of receiving from the body-cavity the female 
genital products, the ova, and evacuating them from the 
body — foreshadows its subsequent metamorphosis in most 
vertebrates. 

Wiiile the duct of Miiller is forming, the mesothelial 
cells overlying that part of the free surface of the Wolf- 
fian body which looks toward the median ]>lane and 
somewhat forward, its ventri>-me8ial asptn^t, undei^o multi- 
plication and thickening (Fig. 109, a), forming an elongated 
swelling or ridge. This is known as the genital ridge, which 
produces a projection ujton the wall of the body-cavity. The 
genital ridge is still further thickened by the proliferation of 
the mesodermic tissue {E) beneath the mesothelial cells. The 
genitiil ridges of the liumnn fetus apjjoar in the fifth week. 
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Further differentiation of the genital ridge results in its 
transformation into the so-called mdifferent sexual gland (Plale 
VII., Fig. 1), a Btructure common to both sexes at ttiia stage. 
The essential feature of this process is that the thickened 
mesothelial cells overlying the genital ridge become modified 
in character and jtenetrate the ridge in the form of cords or 
strands of cells. These tnes(}thelial elements were called hy 
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Waldeyer the germinal epitheUmn, because, after their exten- 
sion info the interior of the ridge or gland, they give rise to 
the germ-cells, namely, the ova or ihe spermatozoa as tlie ease 
may be. The rell-cords include two kinds of elements, the 
smaller mesotlieUal cella and the prlmitlTe sexual cells, which ' 
latter are larger an<l less numerous than the mesothelial cells 
and have large nucleolated nuclei. The primitive sexual 
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or seminal cells, or primitive ova, are so called becaase it has 
Ifcen assumed that they develop either into the ova or the 
t^eminul tilaments according to the sex of the embryo. The 
cell-corda have been seen in the inditTerent glaod of the 
human embryo as early as the fifth week. At this time, 
althougli there are do gro^ sexual distinctions rect^nizabte, 
it is possible to determine from the histult^ical characters of 
tlie organ whetlier it is to be a testis or an ovary, the large 
sexuHl cells being far less numerous relatively in the former 
case than iu tlie latt«r (Nagel). 

The inditferent .sexual gland comes into an especially close 
relation with the upper or sexuiil series of the mesonephros 
or Wolffian iKidy (Plate VII., Fig. 1), the significance of which 
fact will appear later. 

The elements of the indifferent stage of the sexual ap- 
paratus arc, therefore, the indiffeTent sexnal gland, the Wolfflau 
duct, and the duct of MiiUer (Plate VII., Figs. 1, 2). From 
this asexual stage, either the male or the female type is pr<)- 
duced by the metamorphosis of the indifferent glands into 
the testicles or the ovaries and the formation of ducts to 
provide for the escape of the sexual elements, the spermatozoa, 
or the ova, produced bv thcni. 

The Male Type of Sexual System. — The differentiation of 
the indifferent sexual system into the male type is effected 
by the further development of some parts and the atrophy 
or the arrested growth of others. 

The testicle has a double origin, since the proper secretory 
part of the organ is produced by the metamorphosis of the 
indifferent sexual gland, while its system of efferent ducts is 
furnished by the Wolffian bo<iy. Mention has been made 
of the cell-cords of the indifferent sexual glands and of their 
origin from the mesothelium of the body-cavity, and also of 
the fact that they consist of the smaller mesothelial cells 
and the larger and less numerous primitive sexual cells. 

The mesothelial cells increase in number and become so 
groupefl as to form cylindrical masses known as sexual cords, 
each of which includes some of the primitive sciiiinal or 
sexual cells. By the ingrowth of connective tissue from the 
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gurrouDding rnGswIerm, the sexual cords are divided iato 
roundish masses, each of which is made up of many of the 
smalkT elements luid a less Dumber of the lat^ seminal 
cells. These follicle-like musses become hollowed out to 
form the seminal ampnllte, which afterward, by undergoing 
great increase in length, are transformed into the Beminiferons 
tnbnleB. During fetal life, however, and even to the period 
of puberty, the "tubules" remain solid corda of cells. The 
exact relation of the two kinds of cells to the production uf 
the spermatozoa, whetlier or not the small cells give ri.se to 
Sertolli's columns, and the primitive seminal cells to the 
ppermatoKoa, is still involved in obscurity. 

SpermatogenesiB, or the development of the spermatjizoa 
from the cells that line the seminiferous tubules of the func- 
tionating testicle, has been considered in Chapter I. 

While the sexual cords are being transformed into the 
cylinders that become the seminiferous tubules, the surround- 
ing mesodermic tissue penetrates the genital gland and forms 
the connective-tissue septa that constitute the atroma of the 
nt^ii and divide it into lobales. At the same time, also, 
marked changes occur in the Wolffian body. From that part 
of this structure which has been referred to as the BBXoal 
series of transverse Wolffian tubules, cords of cells grow 
forth anil penetrate the genital gland, their ends fusing with 
the primitive seminiferous tubules. The conversion of these 
cell-corils into tubes furnishes the initial jrart of the system 
of excretory dncts uf the testicle, namely, the rasa lecta, and 
the rete testis. Somewhat later, in the twelfth week, the 
retc testis is extended to form the Tasa eSerentla, and still 
later, in the fourth and fifth months, the efferent vessels 
lengthen and become tortuous, producing thereby the coni vas- 
cnloBi or head of the epididymis (Plate VII., Fi^;. 3; Fig. 110). 
The upjx'r pari of the Wolffian duct develops into a con- 
voluted tul)c which conslitutcH the body and tail of the epididy- 
mis, while the lower portion becomes the tob defBiess, thus 
completing the system of canals provided for the escape of 
the spermatozoa. Near the caudal end uf the Wolffian duct, 
a little poueh-Iike evagi nation grows from its wall and becomes 
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of the seminal vesicle, btiii 
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weelu (Waldeyer): I. testtilc: t, e\ 
didymla: ID-. Wolfflnn duct; u. low 
part i>f WoltBan bodr: g, gubcrunc 



id of tlie duct, below the orifice 
he ejaculatory duct. Since llie 
WolHiaii duct terminates in the 
clcmca, and since the anterior 
part of the cloaca corresponds 
to a portion of the later ure- 
thra, the termination of the 
ejaculatory duct in the proa- 
tati<! [tart of the urethra is 
accounted for. Thus it will 
be seen that while the secret- 
ing part of the testicle results 
fnmi the transformation of the 
indiSerent genital gland, the 
secretoiT cells having their 
origin in the germinal epithe- 
lium, the com|)liciit»l system 
vided iH furnished by the meso- 



of ducts with which it is pre 
nspbros or Wolffian body. 

The lories of tubules connected with the upper extremity 
of the Wolffian duct, the remnant of the pronephros or head- 
kidney, frequently persists as a little i>eduncnlatcd sac at- 
tached to the upper part of the epididymis; it is known as 
the stalked hydatid and sometimes also as tlic hydatid of 
Morgagni. The posterior or lower set of Wolffian tubules 
likewise give rise to an atrophic structure, the paradidymis or 
organ of Oirald%s, which consists of a series of short tubes 
closed at both ends, lying among the convolutions of the tail 
of the adnlt epididymis {Plate ATI., Fig. 3). 

The duct of HiiUer remains atrophic, in the male, through- 
out its entire extent, and in fact, with the exception of its 
two extremities, it usually altogether disappears. Its upper 
extremity persists as a small vesicle, the nnstalked or sessile 
hydatid, attached to the upper aspect of the testicle. The 
lower extremity of the duct, einiting with its fellow, becomes 
converted into the sinus pocnlaris or utems mascnlinus of the 
prostate gland (Plate VIL, Fig. 3). If the intervening part 
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of the tube persists to po^Uiiatul life and remains patulous, 
it in knowu as tlie dnct of Eathke. 

The cbange of location whicih the testicle undergoea is a 
conspieuouH feature of its development. To understand this 
clearly, it is necessary to recall tW relation of the ineso- 
nephros and the geuital gland to the perit^jneum. Since 
both of these bodies originate fmin the cells of the outer 
wall of the body-cavity, or, iik other words, from what be- 
comes the parietal peritoneum, necessarily they lie between 
the body-wall and the parietal peritoneum — that io, Iwhind 
the peritoneal «ivity. With the inereiise in siite of these 
Btrnctures, thev project toward the peritoneal cavity, the 
peritoneum passing over them and forming a "meaentery," 
which anchors them to the posterior wall of the abdomen. 
In the case of the testicle, this peritoneal fold or " mesentery " 
is called the meBoichium ; in the case of the ovary, the maso- 
Tarinm. It is prolongeil upward to the diaphragm as the 
diaphragmatic ligament of the primitive kidney, and down- 
wiird to the inguinal r^ion as the inguinal ligament of the 
primitive kidney (Fig. 106), since this latter organ is the 
largest constituent of the projecting muss. When the primi- 
tive kidney has disappeared as such, the inguinal ligament 
mentioned seems to connect the ovary or testicle with the 
inguinal region of the abdominal wall. 

The inguinal ligament contains between its folds connect 
tive tissue and unsti'iped muscular lilwrs. These become the 
gubemacnlnm testis in the male or the round ligament of the 
uterus in the female. As the bo<ly of the fetus continues to 
grow while the tissues of the ligament remain stationary or 
grow less rapidly, the testicle is gradually displaced from its 
position at the side of the lumbar spine, and by the third 
month reaches the false pelvis. In the fifth and sixth months 
it is in contact with the anterior abdominal wall, near the 
Inner abdominal ring. In the eighth month it enters the 
inguinal canal, and near the end of the ninth month, shortly 
before birth, it leaves the inguinal canal and entet? the 
scrotum.' 

' Non-(le(tcenl nf llic testicles, with cuiriiequent eniptmem uud flabbineas 
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Before the fealicle leaves tlie abdominal oiivily, the parietal 
IteritDneura pouclius through the inguinal canal into the 
scrotum, the protruded part being the proceasna vagjnaH)!. 
Since the testicle is from the first behind the parietal peri- 
toneum, it jja-^ses into the scnjtum behind the vaginul procesti, , 
the latter then folding around tt as a uhut sau of two layerK. 
Subsequently the cimncclion «f the sac, now the tonica vagi- 
nalia testis, with the abdominal peritoneum is reduced to a 
slender strand of tissue lying in front of the spermatic cord.' 

The testicle necessarily curries with it, in its descent, its 
bloo<l- vessels, the spermatic artery and vein ; ita duct, the 
vas deferens; as well as its nerves and lymphatic vessels; 
and these structures collectively cnnstiUite the spennatic cord. 

The Female Type of SeznaL System.— While the indifferent 
sexual gland, in the development of the male generative sys- 
tem, undergoes metamorphosis into the testicle, it becomes, 
in the evolution of tlie female type, so altered as to consti- 
tute the ovary ; and while the Wolffian tubules and the 
Wolffian Ixxly become in the male tlie system of excretory 
duets of the testicle, they j)roduce in the female merely 
atrophic structures. On the other hand, the duct of Muller, 
which gives rise in the male to atrophic appendages, forms in 
the female tyjje the Fallopian tube and, by fusing with its 
fellow of the opposite side, the uterus and the vagina. 

The ovaiy results from alterations in the structure of the 
genital gland analogous to tfcose that occur in the evolution 
of the testicle. The special features of these changes are 
better understood, however, than are those of the testicle. 
As in the case of the development of the testicle, the nieso- 
thelial eells on the peritoneal surface of the genital ridge 
become thickened, these altered cells constituting the germinal 

□f the Bcrotam, in ilcptgnaled cryplorcliitm [liiddcn testes). The pres«iic« 
of hilt ODe lesticle in the acrotum is called moaoreliUm, 

' OccaEIODsll V it happens that ihe/'inieufir f>roceiit a{ the tunica vnel- 
natis — that is, the stalk uf the mc. rcmainx patulous tiiroughout ItH entire 
«xt«it, a condition which allows of the emy nod sudden protnuiian of a 
segment of the howel into the cHvit; of the tunica VBKinalis, constituting, 
the so-called eangaiiuU hrmia. Or the fnnicular process may close only 
at one or the other end, giving rif*e Id other vnrictim of hernia. 
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epithelium (Fig. 109), Coincklcntally, tl e i r m t %e coiiuee 
tive tissue— meaodennic tissue — underlj ng tie gem nal 
epitbelium proliferates, contributing to tie tl ki e^ of the 
genital ridge. By tlie sixtli 
*or seventti week, the ger- 
minni epitiicliiim amt^ist^ of 
Beveral strata of cells, groups 
of which tiegin to penetrate 
the underlying mesoderuiic 
tissue in the form of curd- 
like processes (Fig. 112, 
e, sch). Tiie indifferent 
mesoderm ic tissue at the 
same time increases in qiiun- 
tity, in turn penetrating 
between the groups of ad- 
vancing cells, so that what 
takes pliice might be de- 
ecribed as a mutual inter- 
growth. The presence of 
tlie growing connective tis- 
sue accentuates the grouping of the cells into cyliudrical 
masses. These hitler are the sexual coids or egg-coliuiuis 
(PHfiger's egg-tulws). They cf)ntain two spccisil kiiidw 'if 
ceils, the latge sexual cella or primitive ova (Fig. 112, in-), 
and the smaller but more numenius meaothelial cells. 
The connection of the sexual cords with the germinal epi- 
thelium 19 much more obvious in this case tlian in the 
case of the developing testicle, and the primitive sexual cells 
are much more abundant. The e^-colurons, surrounded by 
young connective tissue, constitute the nucleus of the cortical 
part of the future ovary. This mas^ is later sharply marked 
off from the free or peritoneal aspect of the gland, the region 
of the germinal epithelium, by a zone of proliferating meso- 
dermic o^lls which become the tunica albuginea of the ovarj-. 
An important change now takes place in the egg-columns ; 
the primitive ova, or large sexual cells, increase in size, their 
nuclei Ijecoming especially well developed, while the small 



Tia. 111.— In ernal organi of a 
ttusof Bbou finirt nweek* W« 
t. ovary; r, pudphomn o pa 
a'. Wolffian iluct, m. MQIIerliin d 
□wer imn vt the Wuimaii boclf. 
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mesothelial cells become smaller and less conspicuous. Sev- 
eral of the large i«lls fuse into a single mass of pmtopla&m, 
while one of the nuclei outstrips the others in growth and, 
with the surrounding zone of protoplasm, becomes the omm. 
Each egg-column is now broken up into several groups of 
cells by the penetration of connective tissue, each group (Fig- 
112, e, ach') containing a single ovum but many of the smaller 
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Put. m.— Part of a«gllUl Bpcti.-Ti „ri.n ovary o( a rhild just born (iitler W«t 
dererl. Righty mngnllled : kt, germinal epllhellum: <, Kh. PBIiger'a egg-lubes; 
IK, prlmlllTe ova lying on the gcnniiuil epithelium ; t, wA'. long PDHger'i labea, In 
proceu of being eonverted Intn rolllclus : ei, b, egg-balls (ueEta), lUewlse In procew 
or being resolxed Into folllcleB i /, youngest fijlllnle already liolateil: m, blood* 
Te«elt. Id the tnbea and egs-nesti the primordial eggs are dlitlngulahable from 
(he smaller eptlbellal celb, the future follicular epItbeUnm. 

cells. These groups are the young Qraaflan foUicles of the 
ovary (/). The enveloping Bone of connective tissue becomes 
the tlieca of the follicle, while the Mugle lai^ cell constitutes 
the OTum, and the smaller cells arc the membrana granulosa, 
At first the granulosa cells surround the ovum as si single 
layer of flattened cells which gradually assume tlie columnar 
type and become so uumerous* as to form many layers. They 
secrete a fluid, the liquor follicoli, whii'li t-rowds the ovum to 
one side of the follicle where it is enveloped by a a|)ecial 
group of granulosa-cells, the discna proligerus (Fig. 113). 
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The question of the origin of the follicular cells is still an 
unsettled one, thoiiRh it seems probable that they are derived 
from the cells of the egfj-coliinins, and Mlnot believes that 
they are probably ilesccnded from the primitive ova. 

The formation of new Oraaflan follicles, and consequently 
of ova, begins in the deeper |)art of the ovary and advances 
toward the surface. The production of ova and follicles is 




TiQ. lU.— Beetlnn of hnman orarr Incladtng oorlex : a, gennltul epIttieltuiB 
of tne aurhoe; b, tunio Blbuglneii c peripheral alronim cuntnlulrifr Immature 
Gruflan rulllplva (d|: t, well advancnl ruUicle frum whrjio watl mem bran* gnu u- 
loM bai partlall]' wparalcd / cavlir of liquor fblliciill -. g, ovum ■arrounijed by 
oell-mui eouslltuUng dUeua prullgerut (PlersoU, 

limited to the fetal stage and to the early part of post-natal 
life, their formation not occurring, acconling to Waldeyer, 
after the second year. 

What has been said aliove refers to the development of the 
eortox of the ovary. The medulla is produced by the growth 
toward the egg-colnrons of coni-like processes, the mednllarr 
cords, from the epithelial walls of the Malpighian corpuscles 
of the primitive kidney or Wolffian body, tlio eonis becoming 
surrounded by connective tissue and forming a network. The 
fetal medullary conls are represent^l in both the eort«x and 
the niednlla of the mature ovary by the groups of interstitial 
cells disposed between the bundles of the stroma-tissue. 
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The OTidnctB, the Uterna, the Vagina. — Tlic system of pass- 
age-'wayfl that constitute the outlets for the ovii and the 
means of nourishing them and evacuating the product of 
gestation from the body in the event of impregnation — 
namely, the Fallopi&n tubes, the uterus, and the vagina — result 
from the metamorphosis of the ducts of Uiiller. These ducts, 
as stated above, lie along the dorsal aspect of the body-cavity, 
separated from it by the parietal |)eritoneum, and {>arallel 
with the primitive spinal column (Plate VII.). The probable 
method of their formation has hceu |x>iuted out (p. 220), 
Near the lower (caudal) end of the body they approach each 
other, and finally unite about the second month to form a 
single duct for the rest of their extent (Piute VII., Fig. 4), The 
upper, ununited parts of the dtict^ become the Fallopian tubes 
or oviducts, while the lower portions, now fused into one, 
become the uterus and the vagina. The upper end of each 
single duct expands trumpet-like to form the fimbriated ez- 
tremitr of the Fallopian tube. 

Until the fifth month there ia no distinction between the 
vagina and the uteruH, the two being represented by a 
single sac-like structure. Th.e development of a circular 
ridge in the wall of the sac marks the division between the 
two organs, the ]uirt above the ridge acquiring thick 
muscular walls, while the part below it, the future vagina, 
remains thin-walled and more capacious. In the third 
month the nterus is bifid at its upper extremity, a condition 
which is permanent in some animals and occasionally in the 
human subject.' 

The Wolffian duct, which, in the male, becomes metamor- 
phosed into a part of the epididymis and the vas deferens, 
remains undeveloped in the female, producing merely atrophic 
or vestigial structures (Plate VII,, Fig, 4), The upper series of 
Wolffian tubules, the remnant of the pronephros, frc<[uently 

' The formsticm of the ulenw and of lie vHgina bj llie poalescence of two 
pKrallel tubes afibrda an exiilanatiun of the xiln-ya ifconiia or bifid uiemt and 
iif the conditiiin of doablt vterue sometimes met with, as also of the preEence 
uf a median leptum in the vasiia, since by the faiUirc of union of the Iwo 
tabes in greater or leai ilegree une or other of these aniimalies would result. 
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Itfrsists, as in the male, in tlit- funii of a Bmall peiliintiiilaled sac, 
the stalked hydatid or hydatid of Morgagni. When preseiil, it 
is to l>e found in the broml ligament, in the neighborhood of 
the outer extremity of the ovnn-. The middle or sexital 
serieB of the Wolffian tubules* with tlie adjacent part of the 
Wolffian duet, wbieh, in the male type, develop into the 
epididymis, beeomc in the female, an atrophic strueture 
known as the epoOphoron or parovarinm, or organ of Rosen- 
maller (Fig. Ill), This strueture, which ia almost con- 
stantly found lietween the layers of the broad U^ranient in 
elose proximity to the ovary, eonsists of a largei" horizontal 
tube representing a segment of the Wolffian duet, and of 
shorter vertieal tuljes joining this at a right angle and rep- 
resenting the transverse Wolffian tubules. The lower set 
of small Wolffian tubules, tho^^ which, in the male become 
the paradidymis, give rise in this case to a similar atrophic 
Ixxly, the paroSpboroii. This is also situate<l in the broad 
ligament, usually to the inner side of the ovary. The 
Wolfflan dact, with tlie exception of that portion of it that 
flstusts in the formation of tbe parovarium, usually entirely 
disappears. Oeeasionally, however, it persist'^ us a small 
eanal traversing the broad ligament close to the uterus and 
passing on the dorsal side of the upjicr part of the vagina to 
lie lost upon the wall of the latter or, more rarely, to open 
near the urinary meatus.. When thus [icrsistent, it is known 
as the dnct of Gartner. 

The change of position of the ovaries i." similar to, though 
less marked ihan, tliiit of ihe testes. The Inguinal ligament iu 
the A-male (Plate VII.) extends from the primitive position 
of the ovaries in the lumbar region of the abdominal cavity 
to the groin, where it pas-tew thnmgh the alidominal wail, 
traversing the inguinal oaniil, to terminate in the labium 
niajuB. The upper i«irt of this ligament, containing invol- 
untary muscular substance, firmly unites with tbe ovarj-. In 
the third month the ovary descends to the lower part of the 
abdominal cavity and is now connected, by the succeeding 
portion of the inguinal ligament, with the uterus. This con- 
nection may l>e a factor in the final change of position of tlie 
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ovary — that is, ita dcsct-nt iuto the Irue jwlvis. The part of 
the inguinal ligaiiifnt that pa.sses Trom the ovary to tlic ute- 
rus is the permanent ligament of the ovaiy, while the remain- 
ing portion, whidi passes from the uterus through the ingni- 
nal canal to the lahiiim majiis of the vulva, is the Tound liga- 
ment of the uterus. As the inguinal ligament perlbrates the 
abdominal wall, a small diverticulum of jjeritooeura goes 
with it. Normally this peritoneal pouch subsequently be- 
comes oblil«nit«Kl. Oecasioiiully, however, it persists and 
then constitutes the canal of Nnck. Should the canal of 
Nuck be present, the ovary may pass into or through it, 
thus reaching the labium majus. A juitulous canal of Nuck, 
as in the case of a patulous funicular process of the tunica 
vaginalis of the male, may j)ermit the Hudden occurrence of 
an inguinal hernia in the female. 

The account of tlie development of the external genital 
organs will be deferred until after the consideration of the 
formation of the urinary bladder and of that part of the 
urethra that originates from the same embryonic stnicture. 



THE BLADDER AND THE PROSTATE QLAND. 

As stated in Chapter V., the tninary bladder and a part of 
the nrethra are derived from the intra-embryonic portion of 
the alla&tols. In the same chajiter the allantois was described 
as a sac which deveIo|»ed as a iK>uching-ont of the ventral 
wall of the gut-tract near its caudal end (Plate II,, 
5 and 6). The sac protrudes from the still widely o])en 
abdominal cavity, enters the extra-embryonic i>art of the 
body-cavity, and reaches the inner surface of the false 
amnion, with which structure it intimately unites to form 
the true chorion (Plate III.l. As the walls of the abdomen 
gradually close, leaving only the umbilical ajierture, it is, 
necessarily, through this aperture that the allantois pro- 
trudes. 

We have seen (p. 82) what becomes of the extra-abdom- 
inal part of the allantois — in what degree it contributes to 
the formation of the placenta and of the umbilical cord. 
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Obviously, with tlie severing of llie umbilical cord after 
birth, all this extra-embryonic part of the allantuis disap- 
pears, giving rise to no adult oi^n. 

Its intra-embryonic portion consists of a tube extending 
from the caudal end of the intestine to the umbilicus {Plate 
II., 5 and 6). As early as the second month, the middle 
segment of this tube dilates and assumes the form of a spindle- 
sha]wd sac, which becomes the urinary bladder (Plate VII.J. 
The part of the tube connecting the summit of this sac with 
the umbilicus remains small, gradually loses its lumen, and 
constitutes in the adult the (usually) impervious «»rd known 
as the nrachns. Should the cavity of the urachus persist in 
its eutircty, and should there be at the same time an externa! 
opening at the umbilicus, the condition would constitute an 
umbilical nrlnaiy flstnla. The proximal part of the allantuis 
— that is, the |M5rtion intervening between the bladder and 
the intestine — is designated the sinus urogenitalia, while the 
caudal end of the intestine, which is, in effect, a jtoiicii in 
which both the allantois and (he intestine terminate, is known 
as the cloaca (Fig. 84), The urogenital sinus receives the 
terminations of both the MuUerian and the Wolffian ducts 
(Plate VII.). 

In the sixth week or slightly earlier, there appears upon the 
surface of the bo<fy, in the region corresponding t«j the posilion 
of the cloaca, a depression, the cloacal depression (Fig. 84), 
which later, except in man and the higher mammals, meets 
the cloaca, and thus establishes a communication tiotween it 
and the exterior. In the Amphibia, in reptiles, and in birds, 
as also in the lowest mammals, the mnnotremes, the cloaca 
is a permanent structuro, and through it, in these groups of 
animals, not only the fecal matters and the urine, but also 
the genital products, the spermatozoa and the ova, are evacu- 
ated from the body. In all mammals, however, with the 
exception of the monotremes, the cloaca undergtjes division 
into a posterior part or anal canal and an anterior urogenital 
aperture. This division is brought about by the trrowlb of 
three ridges or folds, of which one springs from each side 
of the cloaca and one from the point of union of the uro- 
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genital smug and the intestine. These folds coalesce about 
the eiglitli ' week to form a complete septum, which contimes 
to thickeo an tero- posteriorly up to the lime of birth and 
constitutes the periueum. 

It will be remembered that the ureters originally spring 
from the terminal parts of the Wolffian or nie.wnephric ducta 
(Fig. 104). Owing to alterations brought about by processes 
of unequal growtli, the orifices of the ureters subsequently 
change their pui^itioti so as to open \nU-> the urogenital sinus 
(Fig. 107), and still later, by the further operation of the 
same agency, they come to open into the bladder on its dor- 
sal wall, thus gradually assuming their permanent relations 
(PI, VII.). After the division of the cloaca the urogenital 
sinus, as stated above, open.-i independently upon the surface 
of the body. In the female it is transformed into a short 
tube, the urethra, jirnl an exiwinded terminal recess or fossa, 
the vestibnle of the vulva (PI. VII.). In the male it be- 
comes the first or prostatic part of the urethra. 

In the twelfth or thirteentli week, the future prostatic ure- 
thra acquires very thick rauflcular walls and the original 
epithelial tul)e pouches out into the nmscular tissue in the 
form of little sacs, the lining cells of which assume the char- 
acters of secreting epithelium. In this way is produced the 
aggregation of muscular and glandular tissue known as the 
prostate gUmd. This is a well-developed structure by the 
fourth or fifth month (Tourneux). The recess in the floor 
of this part of the urethra, the sinus pocnlaris or uterus mas- 
culinus, has been previously referred to as the homologue of 
the uterus, being the persistent caudal extremities of the 
ducts of Muller (Plate VIL). 

THE EXTERNAL ORGANS OF GENERATION. 

In the early stages of tlie development of the external 
genital oi^ns no sexual distinctions are apparent. 

Reference has been made to the cloacal depression as a 

superficial fossa which makes its appearance at the caudal end 

of the body of the embryo in the sixth week (Fig. 84). At 

' Fourteeolli vrtek, according in Miout. 
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about tlie some period an encircling elevation, the genital ridge 
(Fig, 114, A, 4), 13 seen to siirroiind this depression. W'itliiii 
tlie genital ridge, at the anterior part of the cloacal fossa, a 
small tubercle, the genital eminence, appears at the same time. 




Fir.. ll4.~Fi>urBui:uFBiilvi' sXntKn of dwelnprnentof (be vxUtdbI pindal organa 
(indlirvrriit trpe) of tbe hiinisn fetua uf 24 to »4 mm. <U.95 to 1.U Inubl (Tourueui) ; 
1, genlul emincDcic or tubercle: 2, gtaru; 3, geulMl groove: 4. pptilul ridge: &• 
doacal depieulon: fi. coccjgcftl eminence. 



On the under aspect of the genital eminence there is soon 
distinguishable the genital gTO«Te(Fig. 114, 3), which appears 
as if a continuation of the fissure-like cloacal depression (5), 
and the groove very shortly becomes flanked by two ridges, 
the genital folds, one on each .side. 

The genital eminence becomes tlie penis or tbe clitoris, 
according to the sex of the (etus. It very early acquires a 
knob-like extremity (2) which is the beginning of the glana 
penis or of the glans clitorldls, as the case may he. Further 
development of the glans is brought about by the appearance 
of a partially encircling gnwve which serves to ditTerentiate 
it from the body of the organ. 

At this stage of development, the rudimentary organs, as 
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<lescril)e<I above, are prpcisely alike in the two gexes. Early 
in the third month — about the ninth week — sexual dlstino- 
tions begin to become manifest. Since the female organs 
exhibit the leas degree of deviation from the early indifferent 
tana., they will be first considered. 

The External Qenital Organs of the Female. — The sexually 
indi^creut genital eminence which, as we have seen, presents 




Fw. Hi— Four ic 



KVdIIbI fluure : < 



■emlve stages of deTelopment of the Mlurnsl KenKal orfBlii 
'ctUB (Tuumeui): 1, clitoris: 2. gUni clltorldis; %. urltio- 
m^oni; fl.fliimr 6, poccygeBl eminence; 7. labia minorm. 

even by the end of the second month a rudimentary glans and 
an indication of a prepuce, elongutee somewhat and becomes 
the clitoris. The genital foMa bounding the genihd groove 
on the under surface of the genital eminence (Figs. 114 and 
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116, A) never unite with each other as they do in the male, 
but become prolonged in the direction of the future anus and 
constitute, by the fourth month, the lateral boundaries of the 
orifice of the unigenital siniu, or, in other words, of the ves- 
tibule of tlie vagina (Fig. 115, 3). These folds, continuous 
over the dorsum of the clitoris with its rndimenlary prepuce, 
are the nympliEe or labia minors (Fig. 115, D, 7) of the fuUy- 
formcl state. The masses of erectile tissue in close 
relation with each labium minus, the pars intennedialis 
and the bulbns Testiboli, are the homologiies respectively 
of a lateral half of the male corpus Bpongioaum and its 
bulb. The genital ridge, which, fnim tlie first, encircles 
the genital eminence and the cloacal depression, and, con- 
sequently, the later clitoris and the aperture of the sinus 
un^enitalis, increases greatly in thickness. The part of it 
situate<l on the ventral side of the clitoris becomes the mons 
voneris, while the lateral parts of the ridge become the labia 
nuuora of the vulva. The sevend parts of the female geni- 
talia develop to such a degree during the fourth mouth that 
their sexual characters at this time are well marked. 

The reader is again reminded that in the stage when the 
cloaca is present, the Mrdlcrlan ducts terminnte in the sinus 
arogenitalis (Plate VII.). As previously stated, the ainnatiro- 
genitalis becomes the female nrethra, its terminal portion 
expanding into the vestibulum vagina. The openings of the 
Miillerian ducts fall within this latter vestibular region of 
the sinus. The lower {wrtion of the two ducts by this time, 
however, have fused to form the uterus and the vagina, and 
hence is established the ]>ermanent relationship of these parts 
— that is, the opening of the vagina and the urethra by sepa- 
rate orifices into the vestibule. 

The formation of the hymen begins in the fifth month as a 
tittle cresceutic fold at the posterior margin of the aperture 
of the vagina. 

The glands of Bartholin develop as evaginations of the 
w:\ll of the vestibular region of the urogenital sinus. 

The Male External Oenitals. — Tbe male e.xternal organs 
represent a farther stage of devehipment than the i 
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aponding female jiarts. The genital eminence elongates rather 
rapidly, its length in the t^'nth week being 1.5 mm. The 
knoh-Iike extremity becomes Ijettor markefl and constitutes 
the glans penis, while the intognnientary fold that jMirtially 
encircles the latter assumes more distinctive character as the 
prepnce. This fold gradually advances over the glans and 
adheres to it, the adhesion persisting until, or shortly after, 
bii'th. All of the rudimentary penis, exclusive of the glans 
and of the genital folds, becomes tlie corpora caTemoB& of 
the adult organ. The characteristic structure of the coriroi-a 




cavernosa is foreshadowed as early as the third month by the 
appearance in the ponis of capillary blood-vessels, which, in 
the sixth month, nndergo marlted dilatation. 




THE GLASDS OF COWPER. 



239 



The grooTB on the under surface of tbe penis beconitK 
deeper, and the genital folds, whic)i bonnd the groove laterally, 
increase in size. This groove extends from the orifice of the 
urogenital sinus to the glans [>eiiia. The genital folds, whieh 
in the femule, remain dititinct and become the oymphEe, unite 
with eacli other in the male and convert the groove into a 
canal, which latter \s practically an extension of the uro- 
genital sinus along the entire length of the penis to the 
glans. The canal thus formed is the anterior part of tJie 
male nretbra, or, in other words, it includes all of the urethra 
except its j)n»!tatic |M>rtion, whicli represents the urogenital 
sinus. The orifice of this newlj-forniwl canal, ^Itusted in 
the glans, is the meatus nrinarios. Failure of union of the 
genital folds, either wholly or in part, resulta iii total or in 
partial deficiency of the floor of the urethra, this anomaly 
being known as tiypoHpadias, If the defective closure in- 
volves only the glans, the condition is denominated glandular 
hTPOspadias. 

The genital folds form not only the sides and the floor of 
the penile urethra, but by an extension of their growth, also 
its roof, thus completely surrounding it. Upon the acquisi- 
tion, by the now united genital folds, of blood-vessels and 
cavernous spaces, they become the corpna BpongioBum of the 
penis, and thus is established the permanent or adult relation 
of these parts. 

The genital ridge becomes differentiated into two promi- 
nent folds or pouches placed one on either side of the root of 
the penis. In the fourth month these unite to form the 
scrotum, the line of union being indicated by the raphe. 
Failure of union of the two halves of the scrotum is one of 
the features of certain forms of so-calle<1 henoapliroditiBm. 

The glands of Cowper, which correspond to the glands of 
Bartholin of the female, are developed, like the latter, as 
evaginntions of the terminal part of the urogenital sinus. 

The accompanying tabulutioii exhibits a comparison of the 
oi^ns of the two sexes on the Imisis of their common origin. 
Male and female parts that develop from the same fetal 
structure are said to be homologous with each other. 
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Fetal Structure. 
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External Organs. 
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1. The male and tlie female intenial genenttive org&na, as 
well as the kidney and the ureter, uriginate from the niesu- 
thelial lining of tlic biMly-oavity, being directly prwliicetl 
from the Wolffian body and the duct of Miiller. 

2. The bladder and the female urethra, but in the male 
only the prostatic uretlira, result from the nietamnrjihofii^ 
of the intra-embryonic part of the allantois, and are therefore 
to be reganicil as of entwlermic nnKin. 

3. Before the establishment of the permanent kidney, a 
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temporarily functionating ot^d, the mesonephroa, pertbrms 
the office of a kidney dnring a part of" fetal life, ami this 
latter is preceded by the pronephros, an organ which, though 
represented in the higlier vertebratee by a veadgial remnant, 
is functionally active unly in larval Amphibia and in bony 
fishes. 

4. Tlie PronephroB. — Tlic niesothelial cells of the unter or 
parietal wall of the body-cavity become invaginated in a line 
parallel with the axis of the hihdy, and the cord of cells thus 
formed becomes hollowed out to constitute the pronephric or 
segmental duct. At several points this duct retains its con- 
nection with the Burface-cella by means of cell-cords, which 
latter become tubes and acquire glomeruli. The long tube 
and the shorter tubules with their glomeruli constitute the 
pronephros. 

5. Tlie Mesonephros. — The transverse segmentation of the 
middle plate, which connects the paraxial mesoderm with 
the parietal plate, remilts in the formation of a series of 
cell -masses, the nephrotomes. Each nephrotome becomes 
a tube and acquires one or more glomeruli. The deeper 
ends of the tubes become cocmccted with the pronephric 
or segmental duct, which latter is known henceforth as 
the mesonephric or Wolffian duct. These tubes, with the 
adjacent part of the Wolffian duct, constitute the meaoneph- 
roB, which functionates, for a time, even in the huniiui fetus, 
as an oi^n of urinary excretion. The entire Wolffian duct, 
with the pnjnephric tubules and the mesonephric tubules, 
constitutes the Wolffian body. The Wolffian duct opens at 
its lower or caudal extremity into the cloaca. 

6. The metanephros or permanent kidney develops from 
a small diverticulum that pouches out from the lower or 
caudal end of the Wolffian duct. The uriniferous tubules and 
the pelvis of the kidney correspond to the dilated and sub- 
divided fundus of this diverticulum, while the uref*r repre- 
sents its stalk. The surrounding mesodermic tissue furnishes 
all the component elements of the ureter-walls and of the 
kidney except the epithelial parts, which latter, as noted 
above, proceed from the Wolffian bmly. 
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7. The suprarenal bodies probably are derived, in purt, 
from epitlioliul outgitiwths which proceed from the nieso- 
□ephros tu form the cortical ]>art of the organ, and, in part, 
from chains of small cells that hud forth from the embryouic 
symjiathetic ganglia to form its medulla. The surrounding 
mesodermic tissue eontriVmtes the connective-tissue parts of 
the suprarenal body. 

8. The sexual apparatus in its earlier stages presents no 
distinctions of sex. The olcmcuts of this early indifferent 
type are the indifferent genital gland, the Wolffian duct, and 
the duct of Muller. 

9. The indifferent genital gland originates in the meao- 
thelium of the iKHly-cHvity. The niesotlielial cells overlying 
the vcutronicsiiil ii.-ipcct of tlic Wolffian btidy undergo mul- 
tiplication in the fifth week and thereby produce an elongated 
elevation, the genital ri<lge. Furtlier multiplication of its 
cells and tlie addition of other elements bring about the 
transformation of this ridge into the well-defined genital 
gland, which now lies in close relation with the Wolflian 
tubules. The niesotlielial cells are the "germinal epitbe- 
linm " of Wableyer, the cells that produce the ova or the 
spermatozoa, according to the future sex. 

10. The dnct of UiiUer makes its appearance soon afler 
the Wolffian duct. It lies parallel with and to the outer 
side of the Wolffian duct and also terminates in the cloaca. 
It is of mesodormic origin, being produced either by evagi- 
nation of the mesothelial oells of the body-cavity, or by a 
splitting off from the Wolffian duct. 

11. The generative aysteuLS of both sexes result from the 
metamorphosis of the three structures making up the early 
indifferent sexual apparatus — namely, the indiflerent sexual 
gland, the Woltfiiin body, and the duet of Muller. 

12. The male sexual sjrstem is produced by the transtor- 
mation of the indifferent jjiland into the testicle, and the con- 
version of the Wolffian tubules and the Wolffian duct into 
the system of excretory ducts for that gland, the short tubules 
becoming the vasa effeivulia and coni vascniosi, while the 
Wolffian dnct itself furnishes the l>ody and the globus minor 




FEMALE EXTERNAL GEmTALtA. 



243 



of the epidiih'iuis, the vas deferens, the vesicula ecminalis, 
and the ejaculatory duct. Tlie duct of Miilltr remains un- 
develo[>ed and is representee! in the adult hy the atrophic 
sessile hydatid and the uterus masciilinus. 

13. The female sexual apparatus is brought about by the 
development of the indifferent gload into the ovarj', and by 
the metamorphosis of the upi>er segment'^ of the ducts of 
Muller into the Fallopian tubes, and the fusion of the re- 
maining portions of the two ducts to form the ntenia and 
the vagina. The Wolffian duct and tubules give rise to 
atrophic structures in the female, the most conspicuous of 
which is the parovarium or epoophoron. 

14, Both tlie male and the female external genitalia are 
developed from fetal structures common to the two sexes, 
the genital eminence, the genital ridge, and the genital folds. 
The genital eminence is situated at the anterior or ventral 
part of the cloacal depression. The genital ridge is an eleva- 
tion surrounding this pit and the genital eminence, while the 
genital folds are on the under surfuoe of the genital eminence, 
one on each side of a longitudinal groove, 

16. The Wolffian ducts and the ducts of Miiller open into 
the cloaca, but when that ajwrture becomes differentiated into 
the anus and the umgenital sinus, as it does at the fourteenth 
week, these ducts fall to the latter apartment. The orifice 
of the urogenital sinus being at the base of the genital emi- 
nence, the sinus comes into continuity with the groove on the 
under surface of the eminence. 

16. The female extental genitalia are produced by the 
further development of the three structures mentioned above. 
The genital eminence becomes the clitoris. The genital folds 
on the under surface of the clitoris t>ecome somewhat pro- 
longed to constitute the labia minorji. The genital ridge 
becomes, anteriorly, the mons veneris and laterally the labia 
majora. The orifice of the urogenital sinus is represented by 
the vestibule, and since the Miillerian dnets near their ter- 
mination in the urogenital sinus fuse to form the vagina, the 
latter passage opens in the adult into the vestibule. Since, 
also, the urogenital sinus receives the termination of the 
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allantuia, which becomes the female urethra, the latter canal 
likewise opens into the adnit vestibule. 

17. The male external genitals represent a further de- 
velopment t}{ the cmhryonie p-nital eminence, genital folds, 
and genital ridge tlian do the female organs. The geni- 
tal eminence becomes the penis, the genital folds, uniting 
with each other so as to surround the groove, producing 
the corpus spongiosum. The groove itself, Iteing thus 
converted into a canal which extends the now closed uro- 
genital sinus to the end of the penis, constitutes nil of 
the tnale uretlira except the first or prostatic portion. The 
prostatic urethra represents the proximal extremity of the 
allantois. Since the WolfKan ducts open into the urogenital 
sinus after the division of the cloaca, the terminations of those 
ducts, represented now by the ejaculatory ducts, open into 
the prostatic urethra; and since tlie Miillerian ducts also 
open into the urogenital sinns, the uterus museulinus, which 
is the representative in the male of the terminal parts of the 
MuUerian ducts, is found likewise in the prostatic urethra. 
The lateral parts of the genital ridge, which, in the female, 
become the labia roajora, fuse with each other in the male to 
form the scrotum. 

18. The condition of so-called faenoaphroditlsm may be 
produced either by an unusual degree of development of the 
female external genitals, resulting in a clitoris resembling a 
penis and in labia majora which simulate a cleft scrotum ; or 
by the arrested development of male organs, whereby the 
genital folds and the genital ridges fail to unite, the urethra 
in consequence opening at the base of the penis. 




CH.\ I'TKR XIV. 

THE DEVELOPMENT OF THE SKIN AND ITS 
APPENDAGES. 

TiiF, appendages of the skin include the sebaceous aiul 
sweat glands, the mammary glands, the nails, and tlie hairs. 

THE SKIN. 

The Bldn, coDsisting of the epiijermis or cuticle and of the 
true skin, or derm, or curium, is derived from two sources, 
the epithelial epidermis being a 
product of tliG ectoderm, and the 
Gorium originating from tlie meso- 
deim. Tlie nails and liaira are 
outgrowtiis of the epithelial 
layer, while tlie various glands 
are derived from infoldings or 
invaginations of the same 
stratum. 

The coiinm, the connective- 
tissue component of the skin, is 
an outgrowth of the cntis plates 
of the primitive segments or 
somites (Fig. 117). It first ap- 
pears in crude form in the 
second month as a layer of 
spindle-cells beneath the ecto- 
derm. In the third month, the ^^L"f!""^[.il!*,.''™?.''; 
more superficial part of this 
layer acquires more definite and 
distinctive character, the rather 
loose aggregation of cells having 
differentiated into a tissue which 
is a mesh-work of bundles of 
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white fibrous connective tissue with some intermingled elagtic 
and muscular libers ; this constitutes the coriiim proper. Tlie 
deeper layer of cells becomes a loose, subcutaneous areolar 
tissue containing a few scattered fat-cells. About a month 
later the external surface of the primitive corium loses its 
smooth character and preseuts numerous little elevations, the 
villi, which project into the overlying epidermis. The villi, 
being highly vascular, play an important part in the nutrition 
of the epidermis and being afso freely aupplieti with nerves 
they sustain au equally important relation to tliu seofiitiveuess 
of the skin. 

From the middle nf fetal life onward, the fat-cells in the 
subcutaneous tissue increase in number to such extent that 
there is formed a continuous and well-marked subcutaneous 
layer of fat, the pannicnluB adijosos. 

Certain of the cells of the primitive corinm differentiate 
into unstriated muscular tisstie, t'urming thus the muscles 
of the hair-follicles, the arrectores pilomm, as well as the 
snbcutaneoiis mosculaT tiasue of the dartos of the scrotum 
and penis, and that of the nipple and of the perineum. 

The epidermis, consisting of the superficial horny layer 
and the dt-cpcr mucous layer or stratum MalpighiJ, is entirely 
an epithelial structure. Its elements are simply the descend- 
ants of the early ectodermic cells specially modified to afford 
the necessary protection to tUe more sensitive and delicate 



The division into the two strata of the epidermis is indi- 
cate<l as early as the latter part of the first month, at which 
time the cells of the ectoderm have become arranged into 
two single layers, a superficial layer of rather large flattened 
cells and an underlying stratum of smaller elements. The 
cells of tlie outer layer, or epitricUnm, which probably rep- 
resents the future stratum corneum, successively imdei^ 
degeneration and desquamation, the pinoes of those lost 
being supplied by the formation of new ones from the deeper 
layer. As time goes on, Iwtli layers increase in thickness 
und the hairs and the glanrls of the skin are gradually 
formed. With increased proliferation there is increasingly 




DHVELOPMENT OF APPENDAGES OF THE SKIN. 247 

active desquamation of superficial cells, aud as the degenerate 
and castr-otf cells become mixed with the products of the 
sebaceous glands, tliere is formed a sort of cheesy coating 
of the skill, the Temix caseosa or smegma embryomun. This 
is first easily recognizable in the sixth month, and first covers 
the entire surface of tlie body in the eighth month. It serves 
to protect the epidermis of tlie fetus from maceration in the 
amniotic fluiil. 

The completion of the epidermis, aside from the develop- 
ment of its accessorj' parts, consists simply in fiirtlier increase 
in thicknes.s aud in the modification of the superficial cells 
to produce the charanteristic scale-like elements of the cor- 
neons layer of the skin, accompanied liy the diflerentiatioa 
of the deeper cells into those of the rete mncosmn or Btratom 
Malpighii. The extent to which thcwe iu(Klifieatioii(4 are car- 
ried varies in different regions of the body. 

THE DEVELOPMENT OF THE APPENDAGES OF THE SKIN. 

The Nails. — The nails have their beginning in little claw- 
like projections, the primltire nailB, that ap]M-ar upon the 
tips of the stilt inijicrfcct fingers and toes in tiie seventh 
week.' These result from localized proliferation of the cells 
iif the epidermis, being entirely epithelial structures. The 
rudimentary nails project from the tips of the digits, instead 
of occupying the dorsal position of the completed structures. 
The claw-like primitive nail, between the ninth and twelflh 
weeks, becomes surrounded by a groove, which serves to sepa- 
rate it from the general ecto«Iermic 
surfat*. These claw-like rudiments — —t j ^T 

of the human nails are quite similar ^5^^3^ 

to the primitive claws of many mam- c- — J 

mala, the primitive nail in each case 
including a dorsal part, the nail- 
plate, and a portion which belongs 
to the ventral surface of the digit, 
called the plantar hoiii (Fig. 118}. The striking difference 
between the nails of the human adnit and the claws and 
' Or ninth week, Minol. ' A )^nus of l<m|;-t;iilii] Africun nioiikeys. 
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boofs of many uDimals is due in great measure to the 
degree of development Ui which this vontrally siliiate<) 
plantar born attains. In the hooted mammaU (Uiigiilatn) 
and the clawed mammals (Unguiculata), the plantar born 
undergoes very great development, whert'as in man it retro- 
grades and leaves no trace except the nftil-welt, or the narrow 
line of thickened epidermis where the distal end of the nail- 
bod merges into the ordinary skin. After the atrophy of the 
plantar horn, the dorsally situated nail-plate being alone 
present, the nidimentary nail hears a greater regeniblnnce 
to tlie adult condition. 

As tlie nail-plate gradually acquirer more dlstinetive char- 
acter, the deeper layers of the skin specialize into a structure 
adapted to Wa nutrition. Thi;4 is the nail-bed, a highly vas- 
cular and sensitive cushion consisting of the coriuni and of 
the stratum Malpighii of the epidermis. It is us|jecially 
from the proximal part of the nail-hed, representing the 
matarlx of the fidly-formed condition, that the nail gn)ws. 
The rale of growth is such that the ends of the nailt* pro- 
trude beyond the tips of the digits in the eighth month. 

The tissue of the fUly-formed nail corresponds lo tlie 
stxatom Incidum of the typiciil epidermis, developed to an 
unusual degree. The epitiichinm or future stratnm comenm, 
tJie most superficial layer of the epidermis, does not form a 
part of the nail, but constitutes a thin covering, the epony- 
chium; this is lost in the sevcDtb month, with the exception 
of a small band over the I'oot of the nail, which persists for 
a short time as the perionyx. 

The nails of the toes are always somewhat behind those of 
the fingers in development. 

To repeat, the clnw-like rudimentary- nails appear in the 
wventh week, the nails are perfectly formed almut the twelfth 
week, and break through their epidermal covering in the 
seventh month, reaching tn or beyond the finger-tips in the 
eighth month. 

The Hair. — Each hair consists of the projecting shaft and 
the emheilHed root, with its exjtauded deep extremity, the 
hair-butb, the root being embraced by the hair-follicle. The 
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bail is entirely of ectodflimic origin, being ilerived from the 
epidermal layer of the skin, while the halr-folllcle is jiartly 
derived from the epidermis and in part is a product of the 
coriiira. The hairs are homologous with tlie feathers and 
scales of the lower animals. 

The development of the hair is initiated in the third fetal 
month by the appearance of email solid masses of epithelium 
in the stratum Mulpighii of the epidermli^. The epithelial 
plugs or haJr-genns grow into tlie underlying corium and 
are met by outgrowths or paplUse of the latter, which itevelop 
almost simnltaiufmsly. The papilla are verj- vascular and 
serve for the nutrition of the developing hair. 

The root and the shaft of the rudimeotarj- hair result from 
the specialization of the axial or central cells of the hair- 
germ. These cells lengthen in the direction of the long axis 
of the hair-germ and become hard and eorncouH, thus con- 
stituting the root and the shufl, the cells of the dee|wst part 
of the hair-germ forming the bulb. Tho growth of the hair 
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in length is due to the proliferation and specialization of the 
cells of the bulb. The papilla of the underlying corium 
indents the deep surface of the hair-bulb, this close relation 
of the two structures enabling the papilla the better to fulfil 
its function of providing nourishment to the bulb. 
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The hair-foUicla, consisting of an outer coDnective-ti:<sue 
portion oi* fibrous layer and an inner epitlieliol part, the 
inner and outer root-slieaths, is partly of mesodeririie and 
partly of ectodermic origin. The inner and outer root- 
sheaths are |)roduced by the periplieral eells of the hair- 
germ augmented by cells contribute<l directly by the stratum 
Malpighii of the epidermis. The outer fibrous constituent 
of the follicle results from the mesodermic ceils of the cerium 
that immediately surround the hair-}rGrm, 

Gradually increasing in length by the addition of new 
cells fnini the hair-bulb, the primitive hair at leuglh pro- 
trudes from the follicle as free hair. This first growth of 
hnir is nn]>igniented and is extreiiuly fine and soft, being 
known us the lanugo or embryonal down. This appears upon 
the scalp and some other parts of the Ixnly in the fourth 
month, gradually extending over the entire surface in the 
succeeding months. In the eighth month the lanugo begins 
to ihsappear, but !,■; not lost as a whole until after birth, when 
the permanent growth of hair takes its place. Upon the face, 
in fact, the lanugo i)ersists throiighont life. 

The development of the aecondary liair is still a disputed 
[Ktint. It is claimed by some authorities (Stieda, Feiertag) 
that they develop from entirely new hair-germs, while others 
(r.^., Hertwig) hold that the Itulb for the new hair buds ofiF 
from the atrophic bulb of the hair just lost. 

The Sebaceous and Sweat-glands, — Tho sweat-glands, in- 
cluding not only tlif sweat-glands proper but the cenuninous 
glands of the external auditory meatus and ihc glands of Moll 
of the eyelids, are derived fnmi the ectodermic epithelium. 
The glands are of the simple tubidnr tyi>e. Each gland 
develops from a small accumidation of epidernud cells that 
prows, in the fifth month, frcim the Malpighinn or mucous 
layer of the epidermis into the underlying corium. The 
solid epithelial plugs become tubes in the seventh month hy 
the degeneration and final disappearance of the central cells. 
The deeper part of the tube becomes coilc<! and its lining 
epithelium takes on the characteristics of seci-eting cells. 
Some of the cells of the original epithelial plug undei^ 
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specialization into muscular tissue, thus producing the; involun- 
tary iQuscleB of tiie !^weat-g lands. 

The sebaceous glands are developed Troni solid epithelial 
processes tliiit originate from tlie deep iajer nr rete niiicosiim 
of the epidermis in a manner similar to that of the develop- 
ment of the sweat-glands. There is the difference, liowever, 
that the epithelial plugs acquire lateral branches and thus 
usually produce glands of the compound saccidar or acinous 
variety. There is the further difference that the epithelial 
outgrowths generally develop from the ect«dermic I'ells of 
the outer sheath of the root of the hair near the orifice of 
the follicle (Fig, 119, Itt), in consequence of which the ducts 
of the finished glands usually iipen into the hair- follicles. In 
some r^inns, liowever — n^gions devoid of hair, as tlie prepuce 
and the glans penis, tlie labia minora, and the lips — the 
growth is directly from the stratum Malpighii, as in the case 
of the sweat-glands. 

The Hammaiy Oland. — The mammary glan<l represents a 
number of highly s{)eciali>te<l seUaccuus glands so assoLriated 
as to constitute the ningte adult structure. Its origin, there- 
fore, is to he sought in the cell a of the epidermis in common 
with that of the ordinary sebaceous glands. 

The development of the milk-glands is begun as early aa 
the second month. At this time the deep layer of the 
epidermis, in the sites of the future glands, becomes tliick- 
ened by the multiplicati(m of its cells, the thickened patch 
encroaching upon the underlying c<mnm (Fig. 120, A, b). 
This thickened area enlarges somewhat peripherally and its 
margins become elevated, owing to which latter circumstance 
the patch apjiears relatively depressed (B). The depression is 
known as the glandular area, and it corresponds with the 
future areola mid nipple. 

From the Initlom of the glandular area, numerous small 
masses or bud-like processes of cells grow down into the 
corium. Some of the buds acquire lateral branches. By 
the hollowing out nf these cell-buds the latter are transformed 
into tabeB(cr), which open upon the glandular area. The branch- 
ing of (he cords b^ins in the seventh month and is carried 



A 



^^ 



252 



TEXT-BOOK OF EMBBYOLOGY. 



OD to such a degree that each original cell-cord gives rise 
to a tabo-iucemose gland. The hollowing out of the solid 
processes begins shortly before birth, but is not completed 
until after that event. Each cell-cord becomes, in the strict 
sense, a. complete gland, each such individual structure form- 
ing a lobe of the mature oi^n. 

This stage of the human mammary gland — that is, a de- 
pressed gland-area upon which open individual glands, the 
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nipple being absent — is the permanent condition in some of 
the lowest mammals, as in tlie echidna, one of the mono- 
tremes. In all higher mammals, however, further meta- 
morphoses occur iu the tissues of the glandular area, and in 
the human fetus these tissues become the nipple and the sur- 
rounding areola. 

The nipple is partly formed before birth, but does not 
become protuberant until post-fetal life. The depressed 
glandular area rises to the level of the surrounding parts, 
and its central region, which includes the orifices of the 
already formed or just forming ducts, swells out into a little 
prominence, the nipple. This prominence 13 a protrusion of 
the epidermis and includes tbe tt^rminal extremities of tlie 



milfe-ducts as well as the blood-vessels and connective-tiHsue 
elements which surround thp ducts. In the dermal con- 
stituent of the rudimentary nipple unstriated muscular tissue 
develoijs. The region of the glandular area not concerned 
in the formation of the nipple becomes the areola. 

At birtli, a-s above intimated, the mammary gland is still 
rudimentary, since many of the ducts have not yet acquired 
their lumina nor their full degree of complexity. Shortly 
after birth a small quantity of milky secretion, the so-called 
witcheB' milk, may be expressed from the glands — in the male 
and female infant alike. Tliis is true milk according to 
Hein and Bartruth, but according to Kolliker, it is merely a 
milky fluid containing the debris of iho degenenited central 
cells of those rudimentary ducts that were still solid at birth. 

So far, the milk-glands are alike in the two sexes, but 
while in the mule they remain rudimeutary structures, they 
continue to increase both in size and in complexity in the . 
female. The increase affects not only the glandular tissue 
proper but the connective-tissue stroma as well. At the time 
of pubert; the growth of the glands receives a new impetus, 
which is very materially augmented upon the occurrence of 
pregnancy. There may Ire said, therefore, to be several dis- 
tinct phases in the development of the milk-glands, first, the 
emISTonic stage; se<;(ind, the infontile stage; third, the stage 
of maturity beginning at the time of puberty ; and finally, 
the stage of fall functional maturity consequent upon preg- 
nancy and parturition. 



CHAPTER XV. 



THE DEVELOPMENT OF THE NERVOUS SYSTEM. 



The nervous system of the adult, iiiL-Iuding tlio cerebro- 
spinal axis and nerres, and the sympathetic syBtem of ganglia 
and nerves, is made up of the essential neural elements, the 
neurons, together with the supporting framework or stroma.' 

The neurons an<) a part of the stroma result from the 
specialization of the ectodermic layer of the embryo. The 
ectodermic origin of the nervous system aoquirea certain 
interest in view of the conditions tliat obtain in some of the 
lowest and simplest oi^nisms. For example, in the ameba, 
the single protoplasmic cell which constitutes the entire indi- 
vidual possesses the several fundamental vital properties of 
protoplasm, snch as respiration, metabollBm, contractility, 
motility, etc., in equal degree, no single property being more 
highly developed than the others, and no particular part of 
the cell exhibiting greater specialization than the other parts. 
In other words, the protoplasmic substance of the auimal is 
at once a respiratory mecliantsra, a nervous apparatus, and 
an organ for the execution of the various other vilid fimc- 
tions. 

In somewhat more highly developed crcatni'es, as the 
infusoria, although there is no differentiation into separate 
tissues and probably not even into separate cells, there is seen 
some progress toward the specialization of certain parts of 
the organism for the i>erformance respectively of the different 
functions of life. For example, the central part of the ani- 

'The tieiirmu are the units o( which ihr nervous HrKletn in made up. 
Each neuron ntnaisls of » nerre-cell wilh everything belonging tu it— thai 
IB, with il« vnrious procHwes, including tlie axIf-a/iiiKUr proem or neurit, 
which becnmes the aiia-cylinder of a nerve-Bber. 
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Dial has digestive fiinctiona, while it is by the siiperlifiul 
jwrtion altme tliut the creature is brought into relation with 
the outside wurld, the seusLtiveness or irritability of the 
surface, by which the animal is made responsive to externul 
impressions, being the nearest approach to the function of a 
nervous system that it possesses. 

This primitive function of the surface of the organism 
is suggestive as to the origin of the nervous system of 
higher type creatures. It will be seen, indeed, that not only 
is the nervous system proper derived from tlie ectodermic 
cells of tlie embryo but that the peripheral parts of the 
organs of s|>ecial sense, as the ol&ctory epithelium, the organ 
of Oorti, and the retdna, have the s»me origin. 

The alteration of those cells of the ectodermic stratum 
that are to specialize into nervous elements begins prior to 
the fourteenth day in the human embryo, in the stage of 
the blastodermic vesicle. The change consists in a gradual 
modification of the form of the cells, the cells common 
to the general surface of the germ assuming the col- 
umnar type. The process affects the cells of the median 
line of the embryonic area in advance of the primitive streak, 
resulting in the production of a thickened longitudinal median 
zone. This thickened area is the meduUai? plat« (Fig. 82, 
p. 62). On each side of the plate — which Is apparent at the 
fourteenth day — the adjoining ectodermic cells become heaped 
up to form the medaUsry folds, which latter therefore bound 
the medullary plate laterally. The medullary plate l>ecome3 
concave on the surface, forming the medullEiry groove (Fig. 
121). By the deepening of the groove, the Intend edges of 
the plate approach each other (Fig. 122), and finidly they meet 
and unite, thus producing a tube, tho aenral tube or canal. 

Since the medullary fold.a similarly meet and unite with 
each other — their union slightly preceding that of the edges 
of the plate — the neural tube comes to lie entirely beneath 
the surface-ectoderm and soon loses all connection with it. 
The closing of the tnbe and the union of the mednllary folds 
occur firist near the anterior end of the emhry-onic area, in a 
position that corresponds with the region of the future neck, 
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and from this point it proceeds both cepbalad and caudad. 
Since the mpdullarj- folds at their caudal extremity embrace 




Fio. I2L— Tr&DEverae aecllon of a sliMeo-aad-a-luU'dBf eheep embryo poBBeutns 
all somltei (BoDDet). 

the primitive streak (Fig. 32, p. 62), the latter structure is 
included within the caudal end of the neural tube hj the 




; together of the folds, and thus the blastopore, which 
was previously the external aj)erture of the archenteron,. 
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comes to constitute the neorenteiio canal, or an avenue of 
oommunication between the neural canal anil the primitive 
intestine. 

Tlie neural canal then is a tube coiii])o»ed of columnar 
oells, which is formed by the folding in of the ectoderm and 
which occupies the median longitudinal axis of the embryonic 
area and consequently of the future embryonic body, ^rom 
fills simple epithelial canal the entire adult Jiei'vous system is 

The evolution of the highly complex cerebrospinal axis 
from such a simple structure as the neural canal is referable 
both to the principle of unequal grmrlh — the walls of the 
tube becoming thickened by the mnltiplicjition of the cells — 
and to the fonnaiion of foUle. 

The portion of the neural canal — approximately one-half — 
that is devoted to the formation of the brain is delimited 
from the part that produces the spinal cord by the dilatation 
of the anterior or head-end of the tube, and the subsequent 
division of this dilated sac-like portion into three commnni- 
cating sacs called respectively the fore-brain, mid-brain, and 
Und-brain veaiclea (Fig. 126). These three vesicles give 
rise to the brain, wliile the remaining part of the neural canal 
forms the spinal i-ord. 

THE DEVELOPMENT OF THE SPINAL CORD. 

In the growth of the spinal cord from the spinal portion 
of the neural cnnal we have to consider the evolution of a 
cylindrical mass of nerve-cells and nerve-fibers with the 
supporting stroma from a simple epithelial tube. 

The wall of the neural tube, although consisting at first 
of a single layer of epithelial cells, is not of uniform thick- 
ness throughout its ciri'umference. AVhile the external out- 
line is oval, the lumen of the tube is a narrow dorsoventral 
fissure (Fig. .36, p. 65). The cavity is therefore bounded on 
the sides by thickened lateral columns, while the dorsal and 
ventral walls, which connect the lateral columns with each 
other, are thinner and are called respectively the roof-plate 
and the floor-plate. 
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and from this point it proceeds both cephalad and caudad. 
Since the medullar}' folds at their caudal extremity embrace 
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the primitive streak (Fig. 32, p. 62), the latter structure is 
included within the caudal end of tlie neural tube by the 
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After a short time, the walls of the tube hax-ing thickenwl 
by the multiplication of the cells, the shape of the lumen 
alters, two laterally projecting 
angles being added (Fig. 123|. 
The effect of this change is to 
partiallydivideeach lateral half 
into a dorsal and a ventral 
region. The neural canal at 
this 3t!ige may be said to con- 
sist of six columns of cells, the 
two dorsal zones ctmueL-ted with 
each nihcr by tlic roof-plate, and 
the two ventral zonea united by 
the floor-plate. These regions 
are also distinguishable, with 
certain characteristic moditica- 
tions, in the head-region of the 
tube. They are important in 
their bearing upon the further 
development of the structure, 
since the dorsal and ventral 
zones are related respectively to the dorsal or sensory and 
the ventral or motor roots of the spinal nerves. 

The differentiation of the cells of the neural tube into two 
kinds of elements, one of which gives rise to sustentative 
tissue or nenroElia while the other pnuluees the nerre-cella, is 
observeil at about the end of the thin! week. The ?iiugle 
layer of columnar cflls which at first composes the wall of 
the tube, the long axes of the cells Ijeing radially arranged, 
soon exhibits near the lumen a row of round cells, ]irobBbIy 
the first offspring of the columnar cells. The niund cells 
are the genn-cellB or germinatins ceUs, frfun which are devel- 
oped ihc neuroblasts or younc; nervc-cflls. All the other 
cells, known ns tlie spongioblasts, are concerned in producing 
sustentative tissue. 

The stroma of the central nervous system includes two 
constituents — a coimective-tlssne element, and a part, the 
nenrogUa, which is of epithelial origin, and which is not to 
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be regarded, therefore, as connective tiasue. Tlie connective- 
tixsne portion of the stroma is produced by the ingrowth of 
the pial processes from the pia mater, and is hence of meso- 
dermic origin. 

The neuroglia is derive<l from the spongiobhLsts, which 
result from the specialization of the large columnar cells r>f 
which the wail of the neural canal is coraiwstHl. These cells, 
whose length comprises the eniire thickness of the wall of 
the tui)e in the earliest stages, undergo partial absorption and 
disintegration, each cell bein^ transformed into an elongated 
system of slender processes or trabecule, and each such system 
being a completed spongioblast (Fig. 124), The inner ends of 




Fia. 13(.— Crou-wcllon through tbu tipItiBl cord or ■ Tcrtebrale mnbiya (after 
Bit): a. outer llmtllng membrane : ft, outer neuruttUalifer, ref^oo of rutnre white 
matter: <:, genn-cellB; d, cenlral csnal: «. Inner Ilmtllng membrane orepeadyniaL 
laj^er ; /, sponglubtiuts : f/, neuroblaala (mantle layer): A. anterior rool-llbcn. 



the spongioblasts coalesce with each other, forming thus the 
internal limiting membrane, while the peripheral extremities 
interlace with each other to form a close network. Aa the 
walls of the neural tube increase in thickness, the spongio- 
blasts become more and more broken up to form the delicate 
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neurogliar network with interspersed nucleated glia cells. 
8iicli of the spongioblasts as border the cavity of the neural 
tube become the cells of the later KpvaAjma, of the central 
caoal of the spinal cord and of the ventricles of the brain. 
The cells of the ependyma l>eoome ciliated in the human 
fetus in the iit\h week. 

The ncrre-cells of the spinal cord — as also of the brain — 
are the specialized descendants of the germ-cells referred to 
above. The proliferation of the germ-cells produces the 
nenroblasts, or young nerve-celia (Fig. 124}. The latter ele- 
ments move away from the primitive position of the germ- 
cells near the lumen of the tube and develop into the nerve- 
cells. The transition is effected by the accumulation of the 
cell's protoplasm on the distal side of the nucleus and its 
elongation into a proc'ss. This process is a nenrit or axis- 
cylinder process and is the l>eginuing of u ncrve-tiber. The 
dendrites or protoplasmic processes appear considerably later. 
Some of the fibers thus pnidiieed grow out from the ueural 
lube to constitute the efferent fibers of the peripheral nerves, 
while others contribute to the formation of the fiber-tracts 
of the cord. 

After the appearance of the neuroblast* and developing 
nerve-cells, the wall of the newral tube ie divisible into three 
layers (Fig. 124); an inner or ependymaJ layer, next the 
lumen of the tube ; adjoining this, the mantle layer, made 
up of neun)blast^ ; and a peripherally situated neorogUa layer, 
which occupies the position of the future tracts of white 
fibers of the cord. 

The alterations in the form and size of the spinal cord go 
hand in hand with the histological changes noted above. 
While those areas that have been mentioned as the dorsal and 
ventral zones increase greatly in thickness, the floor-plate and 
the roof-plate — the ventral and dorsal walls of the neural 
tube — remain thin (Fig. 125). They are never invaded by 
the nerve-cells hut consist of thin layers of neuroglia which 
later become penetrated by nerve-fibers that grow from one 
side to the other. They thus represent the anterior and pos- 
terior white commiBBures of the <i>rd. Tiiei'e plates remain 
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relatively fixed in position because of their failure to ex{>aa<l, 
while the lateral walls nf the tube undergo great expansion, 
in both the ventral and dorsal direcfions, as well as laterally. 
In this way a uieilian longitudinal cleft is producetl oil the 
ventral wall of the spinal cord and a similar one on the 
dorsal wall. These are the anterior and posterior median 
fissures. Since the so-called fmsterior median ti.ssure is not a 
true fissure but merely a septum, it diSerB from the anterior 
fissure, and it is held by some authorities that this septum is 




formed by the groining together of the walls of the dorsal 
part of the central canal. 

The fiber-tracts or white matter of the spinal ooni develop 
in the outer or neuroglia layer, each fiber being the elongated 
neurit of a nerve-eell. Som* of the fibers originate from the 
nerve-cells of the cord while others grow into the cord from 
the ganglia of the posterior roots of the spinal nerves. The 
latter method of origin applies especially to the fibers of the 
tracts of Burdach and of Goll. 

As the walls of the neural canal thicken through the mul- 
tiplication of the cells, the cavity of the tube is gradually 
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eiicroacbed upon almost to obliteration. When development 
b (.-omplete, all that remains of the cavity is tlie small central 
canal ut' the spinal cord. 

The length of the spinal coTd io the fourth fetal month 
con-espoDtls with that of the Bpinal oolumn, its lower termi- 
nation being opposite the last eoecygeal vertebra. From this 
time forward, however, the cord grows less rapidly than does 
the spinal column, so that at birth, the cord terminates at the 
last lumbar vertebra, and in adult lite at the second lumbar 
vertebra. This gradually ac<iuired dispropt>rtion in the 
length of the two structures explains the more oblique 
direction of the lower spinal nerves as compared with those 
higher up. In the early condition of the coni, each pair of 
nerves passes almost horizontally outward to the corresjwnd- 
ing intervertebral foramina, but as the spinal column gradu- 
ally outstrips the coni in grovvtii, the lower nerves necessarily 
pursue a successively more oblique course to reach their 
foramina, the lower nerves being almost vertical in direction 
and conetitutiiig, collectively, the cauds equina. 

THE DEVELOPMENT OF THE BRAIN. 

The encephalic portion of the neural tube — that (lart 
devoted to the production of the brain — after undergoing 
dilatation, becomes marked off int*) the three primary brain- 
vesicles, the fore-brain, the mid-brain and the hind-brain, by 
constrictions in the lateral walls of the tube (Fig. 126). 
This division occurs at an early stage, before the closure of 
the tube is everywhere complet*. The vesicles communicate 
with each other by rather wide openings. As in the spinal 
part of the neural canal, the walls of the primary brain-vesi- 
cles consist of epithelial cells, and it is by the muUiplioaiion 
of these cells in unequal degree in differerU regions, and by Ike 
/ormation of folds in certain loealUies that the various parts 
of the adult brain are developed from these simple epithelial 



The stage of three vesicles is soon succeeded by the flve- 
vesicle stage, the primary fore-bniin vesicle undergoing divi- 
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eion into two, the secondary fore-brain and the mter-broin, 
and the primary hind-brain vesicle likewise dividing, a little 
later, into the secondary liind- 
brain and the after-brain. 

The division of the priniary 
fore-hrain is preceded hy the 
ap^iearuncc upon each of its 
lateral walls iif a small bulged- 
ont area which soon assumes the 
form lit' a distinct diverticulum, 
This is the optic Tesicle, the ear- 
liest indication of the develop- 
ment of the eye (Fig. 126). In 
the further process of growth 
the base of attachment of the 
optic vesicle becomes lengthened 
out into a relatively slender ped- 
icle, which remains in connec- 
tion with the lower part of the 
lateral wall of the brain-vesicle. 
Following the appearance of the 
optic vesicle, the anterior wall of 
the primary fore-brain vesicle 

projects as a small evagination, which latter is then distinctly 
marked off from the parent vesicle by a groove on either side. 
This anterior diverticulum is the secondary fore-brain veside 
or the vesicle of the cerebrum, and the iirignal or primary 
fore-brain vesicle is now the vesicle of the inter-brain. 

'Vhc division of the primary hind-brain is eflected hy the 
development of a constriction of itt^ lateral wall, this resulting 
in the production of the secondary hind-brain or the vesicle 
of the cerebellum, and the after-brain or the vesicle of the 
medulla oblongata. 

While the three primary vesicles at first lie in the same 
straight line, they begin to alter their relative positions 
shortly before division. The change of position iscoincident 
with the flexures of the body of the embryo that occur at this 
time. Throe well-marked flexures appear, the result being 
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that the fore-brain is bent over ventrad tu a marked degree. 
The muat anterior of those flexures, and the first to develop, 
is the so-called cephalic flexure C.!' 'g- 127), the primary lore- 
brain, in the advaucred state of tlie curvature, being bent 
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around the termioation uf the chorda dorsatis so as to form a 
right angle, and later, after its division, an acute angle with the 
floor of the mid-lirain. This curvature makes the mtd-brain 
very pn)minent as r^;arda the surface of the embryonic body, 
producing the parietal elevation nr the prominencQ of mid-braiD. 

In the region of the future [nmw Varnlii, im the floor or 
ventral wall of the secondary liind-brain, is a second well- 
marked angularity. This is the pontal flexure. Its con- 
vexity projects forward. 

A third bend, the nnch&l flexore, ia a less pronounced 
curvature at the juncture of the affcr-brain with the spinal 
part of the neural lube. 

The Metamorphosis of the Fifth Braln-vesicle.— 
The fiiYh brain-vesicle, the caudal division of the primary 
hind-brain, differentiates into the stnirtiires which surrtiuiid 
the lower half of the fourth ventricle, these structures ron- 
Btituting the metencepbalon (Fig. 12S). The histological 
changes correspond essentially with those that occur in the 
spinal segment of the neural tnbe, the nerve-cells and fibers 
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and the nenroglia resiiltiiig from tlie differentiation of the 
original ectodermic epithelium of wliich the wall of the tiil)e 
is composed, and the comtectiTe-tiafiae Htrouui growing into 
these from the surrounding mesoderm. 

There is a marked disproportion between the rate of gniwth 
of the tube in different parts of its circumference. The 
great thickening of the ventral and lateral walla produces the 
several parts of the medulla oblongata. In the dorsal wall 
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growth occurs to such slight extent that the wall in this 
region remains a thin layer of epithelium. As a consequence, 
the cavity of the neural tube is not encroached npon on its 
dorsal side and the central canal of the spinal cord therefore 
expands in the mefencephalon into a much lai^r space, the 
lower half of the future foortJi ventricle. This relative ex- 
pansion of the central canal begins to be npjrarent in the third 
week in the human embryo, from which perio<l it continues 
to increase. A cross-section through the lower part of the 
developing medulla shows a cavity which is narrow laterally 
but which has a considerable anteroposterior extent. A sec- 
tion at a higher level discloses a triangular space, the base of 
the triangle being the dorsal wall of the cavity. 
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At the time when the cavity of the after-brain acquires a 
distinctly triangular shape — about the third week — each thick- 
ened iatenil half of the tul>e is divisible into a ventral and a 
dorsal segment, these being known respectively as the basal 
lamina and the alar lamina (Fig. 129). 

Tile first indication of the longltadisal fiber-tracts of the 
medulla in presented by two bunds of fibers which appear upon 
t.he surface of the alar lamina and which 
constitute the asceudiiig root of Uie 
fifth nerve and the ascending root (funi- 
culus solitarius) of the va^s uud glosBO- 
pharyngeal nervas. These are later cov- 
ennl in by the folding over of the dor- 
sal purl ol' the alar lamina (Fig. 130) and 
thus conic to occupy their permanent 
position in the interior of the medulla. 
The parts of the alar laminse that are 
folded over in the manner referred 
to differentiate for the most part 
into the restlform bodies or inferior 
pedUDcles. These are distinguishable in the third month. 
The anterior pyramidal tracts develop from the ventral parts 
of the basal Inminie ;ind are recognisyible in the fifth month. 
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Co incidentally with the formation of the libers, the gray 
matter of the medulla assumes its permanent form and arrange- 
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meat. This gray matter, although in part jwculiar to the 
medulla, ia in great measure but the continiiation of the gray 
matter of the spinal cord rearranged and difFerently relate<l 
because of the motor and sensory decussations and of the dor- 
sal expansion of the central canal. A notable feature of this 
rearrangement is the presence of masses of gray matter im- 
mediately beneath the floor or ventral wall of the now ex- 
panded cavity or fourth ventricle. 

As stated above, the dorsal wall of the after-brain vesicle 
remains an extremely thin epithelial lamina, and the cavity 
in consequence expands toward the dorsal surface. Owing 
to the excessive delicacy of this dorsal wall of the cavity, it 
is easily destroyetl in dissection, with the effect of discloging 
a triangular fossa (Fig. 135) on the dorsal surfiice of the 
medulla, which in connection with a similar depression on 
the dorsal surface of the pons, constitutes the rfaomboidal fossa, 
or the fourtb ventricle of tlie l>rain. 

It is often stated In descriptiiins of the medulla and fourth 
ventricle that the latter is produced hy the ojrening out of 
the central canal of the cord to the dorsal surface. It should 
be borne in mind, however, that the central canal does not, 
in reality, open out to the surface, although it may appear to 
do so because of the attenuated condition of its dorsal bound- 
ary. The thin epithelial roof or dorsal wall of the after- 
brain becomes adherent to the investing layer of pia mater, 
thus forming tlio tela clioroidea inferior, which roofs over 
the lower half of the fourth ventricle (Fig. 128), The pia 
mater invaginates the epithelial layer to form the choroid 
plexuses of the fourth ventricle. Although apparently 
within the cavity of the ventricle, the choroid plexuses 
are excluded from it by the layer of epithelium, the mor- 
phological roof of the after-brain, which they have puslied 
before them. 

While, for the most part, the roof of the after-brain con- 
sists of the thin epithelial layer referred to above, there are 
slight linear thickenings, the lignite, along its lateral margins, 
and at its lower angle, the obex. At the npiier margin of the 
roof, at the place of juncti<>n with the hind-brain, there is 
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also a thickened area, the inferior meduUaiy velum. These 
regions of thicker tissue serve to effect the transition from 
the thin epithelial layer that helps to form the inferior 
choroidal tela to the more massive boundaries of the rhom- 
boid a I fossa. 

The Hind-brain Vesicle or Epencephalon. — ^The 
epencephalou consists of the pona, the cerebellum with its 
superior and midillc [Hsliinck's, and the valve (valve of 
Vieussens). Thetic structures are produced hy the thickeu- 
hig of the walla of the fourth or hind-braiu vesicle. 

The poDB is formed by the thickening of the ventral wall 
of the vesicle. Its transverse fibers become recognizable 
during the fourth month. 

The cerebellum grows from the posterior part of the roof 
or doraal wall of tiie vesicle {Fig. 128). The first indication 
of its development is seen as a thick trunsveree ridge or 
fold on the posterior exlremity of the dorsal wall (Figs. 
131, 132). In the third month the central part of this 
ridge, now grown larger, presents four deep transverse 
grooves with the result of dividing the original eminent 
into five tmnsverse ridges. The groove<I part of the ridge 
is the portion that subsequently becomes the vemiiform 
process or median lobe of the cerebelhini, while the smooth 
lateral |)ortions become the lateral hemisphersB. As the 
vermiform process increases in bulk, twi) of the ridges come 
to lie njwn its upi>er surface and three on the inferior a.spect. 
These ridges and furrows persist throughout life as the 
principal convolutions and fissures of the vermiform proc- 
ess fFigs. 133, 134). 

The lateral parts of the primary ridge increase in size und 
eventually, In the human bmin, outstrip the median lo1)e in 
growth. They acquire their chief transverse fissures in the 
fourth or fifth month, and the smaller sulci later. 

The thickened cerebellar ridge on the roof of the hind- 
brain vesicle being continuous with the lateral vfalls, the 
continuity of the cerebellar hemispheres with the pons 
through the middle and superior cerebellar ]iefliincles and 
with the medulla by means of the inferior jKHluncles, is easily 
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understood. ThcHe bands of fibem become evident, the in- 
ferior in the third month, the middle in the fourth month, 
and the superior in the fifth month. 

Wiiile the posterior part of the roof of the hiud-brain 
Uiicivens and develops into the cerebellum, all the remaining 
part of this roof remains relatively thin and becomes the 
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anterior medullary velum or the valve of Tiensseus (Fig. 128). 
The rclalious of this structure in the mature brain, stretclnng 
across, as it does, from one superior cerebellar peduncle to 
the other and being continuous posteriorly with the white 
matter of the cerebellum, are easily explained in the light of 
the fact that all these parte are but the specialized dorsal and 
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lateral walla of the hiod-hrnin vesicle. Since the roof of the 
himl-brain vesicle is continuous with that of the after-hrain 
or lifth vpsicle, it will be seen that the cerebellum must be in 
continuity with tlie roof of the medullary jiart of the fourth 
ventricle. The transition from the cerebellum to the epi- 
thelium of the tela ehoroidca inferior is effected by a pair of 
thin crescent- shaped bands of white nerve-matter which [tass 
downward from the centra! wiiite-matter of the cerebellum, 
and which are collectively known as the inferior or posterior 
medullary velnm. Thus, as the result of unequal growth, 
there are produced from the continuous dorsal walls of the 
fourth and fifth vesicles the tliin laminar medullary velum 
or valve, the massive cerebellar lobes, the thin bands known 
as the inferior medullary velum, and the aingle layer of epi- 
theliiun which, with a layer of pia mater, constitutes tlie 
inferior chontidal tela. 

Although the fourth and fifth brain-vesiulcs are at first 
delimited from each other by a constriction, this constriction, 
as development goes on, disappears, the cavity of the fourth 
vesicle and that of the fifth together constituting the fomtli 
ventricle of the brain. 

The walls of the fourth or hind-brain vesicle then give 
rise ventrully to the pons, laterally to the superior and mid- 
dle cerebellar peduncles, and dorsally to the valve and the 
cerebellum, while its cavity becomes the anterior half of the 
fourth ventricle. 

The Mid-brain Vesicle. —The third brain-vesicle or 
the vesicle of the mid-brain or mesenceplialon gives rise to 
the structures surrounding the aqueduct of Sylvius, the per- 
sistent [lart of the cavity constituting the aqueduct itself. 

The thickening of the ventral wall of the vesicle results in 
the formation of the cmra cerebri and the posterior perforated 
lamina or apace includcnl between them. The crura first 
become a|iparent in the third month as a piiir of rounded 
longitudinal ridges on the ventral surface of the vesicle. 
These remain relatively small nntil tlie fifth month, when 
the longitudinal fibers of the |>on9 begin to grow into them. 
After this occurrence their ini^rease in size is comparatively 
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rapid, their ventral |>arts or crustse becoming aeparatetl from 
each other and incUidiug between them the posterior per- 
forated lamina. 

The roof or dorsal wall of tlie mid-braiD vesicle under- 
goes considorablo thickening (Fig. 131), especially in the 
Sauropaidu (birds, reptiles, fishes). In the fifth week a longi- 
tudinal ridge appears upon the dorsal wall, which in the third 
month is replaced bj' a furrow. The expansion of the wall 
OH each side of the furrow produces a pair of rounded emi- 
Dences (Figs. 132-135), which, in birds, attain tu a much 
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greater development than in mnmmals and constitute the 
corpora bigemina or optic lobes. In the liuniiin emtiryo, each 
of these elevations is divided into two by an oblique groove, 
and tliUH are fi)rmed the corpora quadrigeiniiia, which are 
peculiar to man and other mammals. 

The jMirt of the dorsal wall of the vesicle that underlies 
the corpora quadri^mina is the lamina qn&drigemina. 

The thickening which the walls of the vesicle undet^ to 
produce the several parts of the mid-hrain encroaches so 
much upon its cavity that an exceedingly small canal, the 
aquednct of Sylvius, remains. It is scarcely necessary tu 
point out that this canal is a part of the ventricular system 
uf the brain, establishing a communication between the fourth 
ventricle and the third ventricle or cavity of the inter-braiu. 
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The Metamorpliosis of the Inter -brain Vesicle.— 

The intor-braiii vesicle results from the ttivifliou of the pri- 
mary forc-braiu veMcle, pomprising what is left of the latter 
after the outgrowth from it of the diverticulum that lieenraes 
the secondary fore-brain. The thickening of the walls of 
the inter-braiu vesicle produ<re3 the structures which surround 
the third ventricle in the mature condition, and which consti- 
tute collectively the thalamencepluloii or iater-biam, the cavity 
of the vesicle persisting an the adult third ventricle. These 
structures are the optic thalami, which are forme<l from the 
lateral walla; the velum interpositnm and the pineal body, 
which develop from the roof; and the lamina clnerea, the 
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tuber cmereum, the infiindibnlam, the posterior lobe of the 
pltnltaiy body and the corpora albicantia, which arc differ- 
entiated from the floor of the vesicle. 

The Uteral walls of the vesicle undergo the most marked 
thickening. The cell-multiplication here is so rapid that 
each lat^'ral wall \» converted into a large ovoid mass of cells 
with intermingled hands of fibers, the opHc thalamus. 

The roof of the inter-brain vesicle, in notable contrast 
with the lateral walls, remains extremely thin throughout 
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the greater part of its extent (Fig. 128). From the back 
part of the roof, at a point immediately in front of the 
lamina quadrigemiim of the mid-brain, a diverticulum grows 
out and becomes metamorphosed into the pineal body- \\'\th 
thin exception, the roof of the vesicle remains a single layer 
of epithelium, just aa in the case of the RK)f of the after- 
brain. This epithelial layer adheres closely to the pia mater, 
which covers it in common with the other parts of the brain. 
As the fore-brain expands, it covers the iuter-brain, the 
under surface of the cerebral hemispheres of the former 
being closely applied to the roof of the latter. As a con- 
sequence, the pia mater on the imder surface of the fore- 
braiu is brought into contact with and adheres to the pia 
covering the roijf of the inter-brain. Thus the tliin epithelial 
roof of the inter-hrain beciinies closely iiuitod with tlic two 
layers of the pia muter to form the velum interpoaitnm or 
tela choroidea anterior or superior of adult anatomy. Ob- 
viously, the edges of the velum interjKiwitum rest upon the 
optic thalami, and its piamatral layers are continued into the 
cavities of the lateral ventricles (Fig. 1.34), The space occn- 
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pied by the velum is designated the tiansTene flBsnre of the 
brain, and it is often stated that the pia mater is pushed in 
from behind, between the optic thalami and the cerebral hemi- 
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The pineal gland or conarinm develops from the back part 
uf the roof of the inter-hraiD at its puiat of jtinutiun with 
the mid-brain (Fig. 128). This binly ia found iti all ver- 
tebrate auimalfl except the amphioxus, but its form varies 
greatly in diGTcreDt groups. In all caxes it begins a^ a ttruall 
pouch-like evaginatioii from the roof of the inter-brain, the 
diverticulum being directed forward. lu the human bruin 
alooe the structure is subsequently directed backward, so 
that it comes to occupy a position Just over the corpora 
quadrigemina. This peculiarity of locution is due probably 
to the greater development of the human corpus calloHuu, 
by whioli tlic conarium is crowded backward. 

In selachians (sharks and dog-tisb), the enlarged vesicular 
cud of the diveriiculum, which m lined with ciliated columnar 
cells, lies outside the craniiil capsule and is connected with 
the inter-brain by the long hollow stalk which jwrforates 
the roof of the cnininm. In many reptiles, the conarium is 
more highly speeialieed. In the chameleon, for example, the 
peripheral extremity has tJie form <)f a small closed vesicle 
which lies outside the roof of the cranium and which is 
covered hy a transparent patch of skin. The stalk in this 
ease is jiartly a solid cord and partly a hollow canal, which 
latter opens into the cavity of the iiitcr-brain. The solid 
portion lies within a foramen in the parietal bone, the parietal 
foramen. A ftirther modiflcatfon of the conarinm is pre-sented 
in lizards, blind-worms, and pome other reptiles. In these 
the vesicle undergoes a markeil specialization, its peripheral 
wall being so modifiefl as to become transparent and to re- 
semble the crystalline lens nf the eye, while the opposite 
deeper wall comes to consist of several layers of cells — some 
of which become pigmented — and acquire? a striking resem- 
blance to the retina. The stalk of the body, which perforates 
the roi>f of the skull and is attached to the roof of the inter- 
brain, bears a certain likeness to the optic ner\'e, being solid 
and composed of fibers and elongated cells. The presence 
of the transparent epidermal plate which co\-er3 the vesicle 
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serves to complete the similarity of thia particular tyi)e of 
pineal body to the eye of vertebrate animals. It is for this 
reason that it ia often tlesignated the pineal or parietal eye 
and that it has been looked uiK»n as a third or impaired 
organ of visioii. 

In man and other mammals and in birds the pineal diver- 
ticulum does not reach the degree of development that is 
attained in certain of the Reptilia. The evagination from 
the roof of the inter-brain begins in the sixth wtek in the 
human embryo. The peripheral end of the process enlarges 
somewhat and small masses of cells project from it into the 
surrounding mesodermic tissue. These cellular outgrowths, 
giving off secondary projections, become converted into small 
closed follicles lined with columnar ciliated cells. The folli- 
cles in the case of mammals very soon become solid or nearly 
so by the accumulation of cells in their interior. Solid con- 
cretions of calcareous matter, the so-called brain-sand (acer- 
vulus cerebri) are found in the follicles in the adult. By 
these alterations the pineal body of birds and mammals 
acquires a structure resembling that of a glandular organ. 
Since it is onlv the end of the diverticulum that becinnes 
thus altered, the remaining part constitutes the relatively 
slender stalk of the pineal body, the stalk being soliii at 
maturity except at Its point of attachment to the inter-brain, 
where a jmrtion of the cavity persists as the pineal recess of 
the third ventricle. 

The pineal body of man and the Ugher vertebrates is tjjere- 
fore a rudimentarj' structure and is the representative of an 
oi^n that is much more highly developed in some of the 
lower memljers of the same series. Its true significance is 
still a matter of conjecture. Although resembling the eye in 
it« structure, and although regarded by some on that account 
as primitively an organ of vision, it is considered probable by 
others that in its most highly developed condition it is an 
organ of heat perception. 

The floor ofthe inter-brain vesiclepresents several interesting 
metamorphoses. The anterior jwrt of the floor remains quite 
thin and becomes the lamina clnerea of the mature brain (Fig. 
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128). Imniediately posteriiir to this regiou, the floor of the 
vetiiclc pouches out, this evaginatiuo developing into ii blender 
tube, the inflmdibulnm. Behind tlie point of origin of the 
infundibuluiii u second protnlierance indicates the banning 
of the tuber cinereum. By subse<juctit alterations, the tuber 
cinereum enlarging in circumference so as to include the 
point of origin of the infundibulum, the base of attachment 
of the infundibulum cornea to be the center of the tuber 
cinereum, so that the cavity of the former is a continuation of 
the cavity of the latter. The end of the infundibuUim 
becomes the poBterlor lobe of the pituitary bod^ or bypo- 
physiB (Figs. 128 and 133), Posterior to the tuber cine- 
reum a small evagination of the floor of the vesicle 
appears and becomes divided in the early part of the fourth 
month into two lateral halves liy a median furrow. The 
two little bodies thus formed become, after further develop- 
ment, the corpora albicantia. 

Tiie hypophyaiB or pituitary body briefly referred to above 
refjuires more extended eonsidcration because of its mor- 
phological importance. The posterior lobe of this body is the 
enlarged end of the infundibulum, which is an evagination of 
the floor of the inter-brain. Tlie cells in the lower end of 
the infundibulum specialize into nerve-cells, and nerve- 
fibers also develop. In some lower vertebrates these ele- 
ments are retained throughout life, but in man and the 
higher-type animals the distinctively nervous character of 
the tissues is soon lost, and the cavity of this part of the 
infundibulum suffers obliteration. The branched pigment- 
cells sometimes recognizable in the posterior lobe of the 
human pituitary body are the only remnant of the early 
nerve-cells. 

The anterior lobe of the hypophysis is essentially different 
in origin as well as in striTcture from the posterior lobe. It 
is produced by an evagination from the ]H>sterior wall of the 
primitive pharynx, but from that region of the pharynx which 
is anterior to the j)haryngeal membrane and which therefore 
belongs to the primitive mouth-cravity (Fig. .'J-5, p. 119). The 
outr-pocketing of the |iharyngeal wall begins in the fourth 
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-week, ehortly after the rupture of the (iliaryngeal membrane. 
The little pouch is tlie pocket of £athke. The pouch gro\t'is 
upward and backward toward the floor of the inter-braiii and 
meets the end of the iofuurlibulum. As the pliar^-ngeul 
diverticulum lengtbens, its stalk becomes a slender duct, 
which for some time retains its connection with tlie pharyns. 
As the membranous base of the skull becomes cartilaginous, 
the duct begins to atrophy, and tinally entirely disappears. 
In selachians, however, it is retained permanently, establish- 
ing thus a connection between the hypophysis and the pharyn- 
geal cavity. With the disappearance of the duct the enlai^ed 
extremity of the diverticulum becomes a closed vesicle lying 
now within the cavity of the brain-case, in contact with the 
end of the infundibulum. From the wall of the vesicle nu- 
meroiia little tubular projections grow out into the enveloping 
mesodermic tissue, and these, by detachment from the parent 
vesicle, become closed tubes or follicle's. The entire structure 
becomes convertetl in this manner Into a mass of closed fol- 
licles hekl ti>gether by connective tissue, after which event 
this mass acquires intimate union with the infundibular lobe. 

Thus the pituitary body consists of two genetically distinct 
parts, the anterior lobe being derive*! from the ectmlerm of 
the primitive pharyngeal or buccal cavity, and the posterior 
lobe from the ectoderuj of the central nervous system. The 
posterior lobe, developing as it does ae an evagination from 
the floor of the inter-brain, is to be regarded as a small out- 
lying lobe of tlie brain. 

What remains of the cavity of the inter-brain, after its 
walls have thus developed into the several stnictures de- 
scribed, is the third ventricle of the adult brain, and the 
aperture of communication vrith the secondary fore-brain 
vesicles becomes the foramen of Monro. Since the lateral 
walls become the massive optic thalami, while the dorsal and 
ventral walls give rise to nuicL thinner structures, the cavity 
of the vesicle is encroached upon to a greater extent on the 
sides than fnim above and below, and hence the form of the 
third ventricle in the mature condition is that of a narrow 
vertical fissure between the thalami. 



i 



278 



TEXTBOOK OF EMJS&YOLOGY. 



The Metamorphosis of the Fore-brain Vesicle.— 
The secondary t'ure-braiu vesicle gives rise to tlie prooen- 
cepbalon, which includes the cerebral heroit^pheree and the 
Btructiirea belongiug direct!)' to them. As above indicated, 
this vesicle grows frurn the anterior wall of the [mmary fore- 
liraic vesicle as a diverticulum which is at first single, but 
which aoon l>ecomes divided into two lateral halves by the 
formation of a cleft in the median plane (Fig. 131, /6). Thia 
cleft or interpalUal fissure is the early representative of the 
longitadiiLal fissure of the adult cerebrum. The two vesicles 
remain attjichwl at their bases or stalks with the parent vesicle 
and communicate by a common oriHce with its cavity. The 
vesicles of the secondary fore-brain grow in an upward and 
backward direction as well as laterally, and their develop- 
ment is so much more rapid than that of the other vesicles 
that they soon spread over them and partially hide them 
from view. It is for this reason that the mass resnlting 
from the fore-brain vesicles, except their l>asal ganglia, is 
known in comparative anatomy as the pallium or mantle 
(Fig. 128). 

The relative rate of growth of the cerebral hemispheres is 
such that in the third month they completely overlie the 
iuter-brsiin and by the sixth month they have extended so 
far back as to hide the corpora qitadrigemiua. 

The fflesodennic tissue surrounding the developing brain 
becomes differentiated into the three btain-membr&nefl, which 
penetrate into the fissure and therefore invest the vesicles 
on their mesial surfaces as well as clsewbcre. The invag- 
inating layers of the dura mater constitute the primitive 
falz cerebri. 

The metamorphosis of this pair of sacs into the cerebral 
hemispheres is brought about by three important processes: 
first, the multiplication of the cells which compose its walls 
to form the masses of nerve-cells and fibers of the hemi- 
spheres ; second, the formation of folds in the wall whereby 
are produced the fissures which divide the hemispheres into 
lobes and convolutions ; and third, the development of adhe- 
sions within certain areas between the mesial walls of the 
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two vesicles, by which the Hystem of commiBsureB of the 
hemii^pheres is prodiic«<]. 

The iraUfl of the cerebral vesicles are at lirst very thin, 
consisting merely of several layers of spindle-shaptnl cells. 
Hv the rapid multiplication of these cells, the walls are thick- 
ened and the cavity of the vesicle is gradually encroached 
upon until the mature condition of the brain is attained, 
when the cavity is relatively very much smaller tliao in the 
fetua and constitutes the ventricle of the hemisphere or the 
lateral Tentricle. The nerve-cells develop processes or polar 
prolongations, of which the most conspicuous, the axia-cylin- 
der processes, lengthen out to form iho axis cylinders of 
nerve-fihi-rs. The filters thus formed are dii-ccted away from 
the surface and make up the wUte medullary matter of the 
hemispheres, while the more superficially placed layers of 
cells constitute the gray matter of the cortex of the hrain. 

In addition to the cortical or superficial gray matter there 
are masses of gray matter within the hemisphere, the basal 
ganglia, which are likewise col lections of nerve-cells. Within 
a limited area on the lateral wall of each cerebral vesicle, 
near the lower margin, the cells undergo excessive prolifera- 
tion resulting In the pniduction of a large ganglionic mass, 
the corpus striatam, and of two smaller aggregations of cells, 
the claustrum and the nnclenB amygdalie. These basal ganglia 
are in reality an infolded part of the «>rtcx. 

Inasmuch as the cortical matter develops more rapidly, as 
regards superficial extent, than does the medullary substance, 
the cortex becomes thrown inl^» folds, forming thus the con- 
TOlntionB and flssures of the hemispheres. 

Some of tiie fissures of the brain are pn^luced by an in- 
folding of the entire thickness of the vesicle-wall so that 
their presence is indicated by corresponding projections in 
the walls of the ventricles. Such fissures are distinguished 
as total flsBures. Included in this category arc the fissore 
of SyMna, which is represented in the wall .if the lateral 
ventricle by the corpus striatum ; the calcarine Assure, the 
dentate flssnre, and the collateral fissure, which are resp<insihle 
respectively for the calcar avis, the hippiwiimpns major, and 
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the cdllateral cDiiDeiice nf the lateral ventricle ; anil the great 
transverse ftasnre of the brain, the infoltled wall in this case 
being very thin and consisting merely of the layer of epi- 
thelium which covere the choroid plexus. 

Tlie flBBure of SylTimi is the earliest fissure formed and one 
of the must important. At uJi early period hi tlic history 
of the secondary fore-brain, there is a region in the lower 
part of the lateral wall of the vesicle where expansion is 
less rapid than elsewhere, thiti area, as it were, remaining 
fixed. As the vesicle-watl immediately surrounding this 




V or bralti shown in Fig. ISn- . 
rebelliim ; RF. rbomboldul 
I ublotignU. 

Spot continues to expand, a dimpling of the wall is produced, 
the depression being designated the fossa of BylTinfl(Fip. 1 30, 
S). The part of the vesicle-nall behind the fossa advances 
forward and downward to form the future temporal lobe, and 
thus the fossa eoraes to be surrounded by a convolution 
having the form of an incomplete ring, open in front — the 
ring lobe. The floor of the fossa undergoes very consider- 
able thickening to form the basal ganglia — that is, the corpus 
striatum, the amygdaloid nucleus, and the claustnim. These 
structures, most conspicuously the corpus striatum, encroach 
upon the cavity of tlie vesicle, the nucleus caudatus of the 
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corpus etriatum bulging into the Hoor and outer wall of the 
adult lateral ventricle. 




in fetiuof kpptoiliDBtelr three roonthB: A, eolirted; 
___ .,t — id-brain; f, oerebelluini M. medalla ob- 



The cortical matter of the floor of the fossa of Sylvius, 
being circumscribed by a groove or sulcus, constitutes the 
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rio. lS7.-Briiln of hunmn relua of Ihrei- monllii, wtlh rtght hilf of fore-br«ln, 
Inter-braln, und mtil-brein rBmoTed: i 6, cuvlty of InWr-brain; //)(, Bite i>f hjrp- 
nph^sla; jUbr, mld-braln ruof: JTbc, mid-brain cKvitf; C c« rebel lum ; V, medulla 

central lobe or island of Beil, which is subsequently broken 
up, by secondary fissures, into from five to seven small con- 
volutions. 
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By the extension of the fosaa of Sylvius backward, and by 
the increased growth of the vesicle-wall above and below it, 
the foasa is converted into the fisanre of Sylvina (Fig. 140, B), 
and Ihe island of Keil is hidden from view. Subsequently 
the ascending iind anterior limbs are added to the chief or 
horizontal piirt of the fisHure. 

The anterior part of the ring lobe corresponds with the 
future frontal lobe, the posterior part represents the parietal 
lobe while the lower part nf the ring l)ecomes the temporal 
lobe. A backward extension of the ring lobe produces the 
occipital lobe. 

Tlie cavity of tbe vesicle is modified in form and extent en- 
incidentally with the formation of the t«rpu8 striatum and 
the alterations in the ring lobe. Just as the ring lobe par- 
tially encircles the fossu of Sylvius, so does the cavity of 
the venfriele partially encircle the corpus striatum. An 
anterior prolongation of the cavity extends into the com- 
pleted frontal lol>e as the anterior coma of the ventricle, and 
an extension downward and forward into the apex of the 
temporal lo1>e constitutes the descending comn, while the 
posterior horn xa gradually pnttrudeil into the occipitaJ lobe as 
the latter develops. From the earliest stage, therefore, until 
the completed condition is attuined, the cavity of the ventri- 
cle conforms in a general way to the shape of the hemi- 
sphere. The apertures of communication between the vesi- 
cles of the cerebrum and the cavity of the inter-brain are the 
later Y-simped foramen commime anterins or the foramen of 
Honro. 

The mesial surfaces of the hemispheres are much modified 
in eharaeter hv the devel"imieiit here of two total lis^sures, 
the arcnate fissure and the choroid flssore. These appear in 
the fifth week while the vesicles are still separate from each 
other down to their stalks of attachment to the inter-brain, 
prior to the development, therefore, of the corpus callosum 
and the fornix. The two fissures lie close tc^ther, parallel 
with each other and with the mar^n of the ring lol>e, their 
course conforming to that of the cavity of the ventricle. Be- 
ginning near the anterior extremity of the brain, above the 
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level of the corpus striatum, they pu8A backward and then 
downward and afterward forward to terminate near the an- 
terior extremity of the temjjoral lobe, thus incompletely en- 
circling the striate body. 

The arco&te flfiinire is the more peripherally place<l of the 
two. Its anterior portion lies just above the region through- 
out whicli adhesions subsequently develo}) between the two 
hemispheres, or in other words, above the position of the 
future corpus callosum (Fig. 138, «./,). This part of the areu- 
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Fro. 1S8.— M ed»l snrfcee of left foir-bnln Teglr Ic of brain sliown In Fig. 
/,JV. fimmun of Munm, aropflnlog Inio Intei-brRin ; il/. HrcuHte nasure; fAj^ cho- 
roid flssurc; r," nndbogen." coireaponttlug to fUlure corpus csllosuuj ftud fumlz; 
aif. olrhclury lube. 



ate fissure is the sulcus of the corpus callosum of the mature 
brain. The posterior segment, that which belongs to the 
temporal lobe (not present at this .■^tige), is the future hippo- 
campal or dentate flssure. Tlie hippocnmpnl fissure is repre- 
sented upon the mesial wall of the descending horn of the 
lateral ventricle by the prominence known as the hippocampus 
m^or. 

The choroid flBsnre or flBsore of the choroid plexus, forming 
an incomplete ring within, and parallel with, that described 
by the arcuate Jissure, encircles the corpus striatum more 
closely (Figs. 138, 139). It begins at the foramen of Monro, 
ami its anterior part lies under the position of the body of 
the future fornix. It then sweeps around into the temi«>ral 
lobe and terminates near the anterior part of the latter. The 
fissure of the choroid plexus, like other total fissures, is an 
infolding of the wall of the cerebral vesicle. It presents the 
peculiarity, however, that the infolded part of the wall is 
extremely thin, consisting of but a single layer of epithelial 
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cells. The pia mater, which everywhere closely invests the 
surface of the brain, is infolded with the vesicle-wall, the in- 
folded part becoming very vascular and constituting the 
clioroid plexus of the hiteral ventricle. The choroid ple^ius, 
although within the limits of the ventricle, is excluded, 
strictly speaking, from its cavity by the layer of epithelium 
which still covers it and which has been simply pushed before 
it into that cavity. Since the epithelial layer is very tliin 
and easily ruptured, the choroid fissure is apparently an 
opening into the cavity of the ventricle through which the 
pia enters ; in the adult it is called the great transverse fissure 
of the brain. 

The calcaiine Assure, anotlier of the total fissures, develops 
in the latter jKirt of the thir<i month as a branch of the 
arcuate fissiirc. It bulges into the mesial wall of the poste- 
rior horn of the ventricle, producing the elevation known as 
the calcar avis or hippocampiis minor. Since the posterior 
horn of the ventricle is developed as an extension of the cav- 
ity into the backward prolongation of the ring lobe which 
forms the occipital lobe, the cnlcarine fissure necessarily is 
later in appearing than the fissures above described. 

The parieto-occipital fissure is added in the fourth month 
as a branch of the cnlcarine, eflTcctiug the definite demarca- 
tion between the parietal and occipital lobes. 

The fissure of Rolando develops in the latt«r part of the 
fifth mouth in two parts. The two furrows are at first 
entirely separated fmm each other by an intervening area of 
cortex. Subsequently this part of the cortex sinks be- 
neath the surface, as it were, since it expands less rapidly 
than the adjacent rq^ions, and in this way the upper and 
lower limbs of the fissure become continuous. The sunken 
cortical area is to be found even in the adult brain as a deep 
annectant gyrus embedded in the Rolandic fissure at the po- 
sition of its superior genu. The development of the fissure 
of Rolando efre<'ts the division between the frontal and jiari- 
etal lobes. 

The collateral fissure appears in the sixth month as a 
longitudinal infolding of the mesial wall of the hemisphere 
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below and parallel with the hippocarupal fissure. Being a 
total fissure, its presence affects the wall of the cavity of the 
vesicle, producing the emiuentia collateraliB. At about the 
name time the caUosO'iiiargina.1 fissure niakcs iti^ appearance, 
and this is morphologically eontiiHiims, through the medium 
of the post-limbic snlcns, with the collat*;ral tissure (Fig. 141). 
These three fissures constitute the peripheral boundary of a 
region of thi; mesial wall which is known in morphology 
as the fitlcifonn or limlDic lobe. 

The longitudinal Assure in the early st^^ of the growth of 
the cerebrum separates the two vesicles from each other ex- 
cept at the place where they are attached to the inter-braiu ; 
here the two sacs are united by that part of their common 
anterior wall which is immediately in front of the ajMirturea 
of coramimicatiun with the inter-brain and which is called 
the lamina terminalia. 

The development of adhesions between the mesial sui&cea 
of the hemisphere vesicles tlimughout certain definite areas 
marks the beginning of the corpus callosum and the fornix. 
The fusion of these areas Ixdgins in the third month in the 
region corresponding to the anterior pillars of the fornix, the 
septum hicidum and the genu of the corpus callosum ; in 
the fiflh and sixth months adhesion occurs in the position of 
the body of the fornix and of the body and splcnium of the 
corpus callosum. 

Although the central white medullary matter of the cere- 
bral hemisphere is covered almost universally by the cortical 
gray matter, there is a limitei:! area of the mesial surface from 
which the gray matter is absent, leaving the white matter 
exposed. The area of unco\-ered white matter has the form 
of a narrowband, which begins at the base of the heniifiphere, 
in front of the opening into the inter-brain, extends upward 
along the anterior wall of the inter-brain, then jjasses bac'k- 
ward along its roof and curves downward and outward behind, 
and then forward under it, to terminate at the front jMirt of 
the temporal lobe. Thus this white band, which is known as 
the fimbria, and which reprttsents the lower mesial edge of ^^ 

. the hemisphere, almost encirciles the inter-brnin. The fimbria ^^M 
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runs between the arcuate fissure and the fissure of the choroid 
plexus (Fig. 139,/). It holds surhaclose relation to the kt- 




L pillar 



Fio. 139.— MeilBl lUrikee of \etl hemisphere, br«ln of fetus o( three monthi 
(tnUnied): /.. romix; c.e., Ivglnalagiif imrpui callomimi cjl., pari of ciirpui ilrl- 
■lum Hrchlng Bround (biw of Sylvius ; aj.. antdrliir, and aj.p,, puntviior parts ot 
tircQkle Suora : tkj.. cboroid Buure, the concavity twtweeu whiph andttie corpns 
■IrlBtam itccoDiniadatea the luter-bnlti, which bai been removed. The HKture 1* 
DCCDpk'd by the pla mater. 

t£r fissure, being placed on its peripheral side, that it consti- 
tutes the edge of the apparent opening into the cavity of the 
vesicle through which the pia mater, bearing blood-vessels, is 
refleeted into the interior, antl which, as pointed out above, 
is the transverse fissure of the bruin. The opening is only 
apjuirent, however, since the wall is still unbroken, although 
reduced to a single layer of epithelium. The pia mater, form- 
ing, with its blood-vessels, the choroid plexus of the lateral 
ventricle, pushes the layer of epithelium before it, and al- 
though the plexus is said to h« within the cavity of the ven- 
tricle, it is still covered by the layer of epithelium, the epen- 
dyma, which lines that cavity. 

The part of the fimbria that immediately overlies the roof 
of the inter-hrain betmmes intimately united, as noted above, 
with the corresponding part of the fimbria of the other hemi- 
sphere, these fused portions of the two fimhriie forming a 8at 
triangular sheet, the body of the fomiz. The anterior and 
posterior portions of the fimbria, which divei^e from the 
merlian plane, represent respectively the anterior and poste- 
rior limbs of the fornix. 

Noting the relation of the anterior part of the fimbria to 
the aperture of communication between the inter-brain and 
the cerebral vesicles, it becomes apparent that the anterior 
pillar of the fornix forms the anterior and upjjcr boundary' of 
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tbe foramen of Monro. When, further, oue considers the 
relation of the Bmbriu to the apparent opening into the ven- 
tricle, through which the pia mater is invaginaled (the trai 
verse fissure), it in esplainod why the edge of the fornix 
appears a.s a narrow white band, not only as viewed from 
within the ventrieular cavity, but also in a mesial section of 
the brain (Fig. 140, C). 



^ 




Fia. l«a.— Feul bnkln at the begliiuing of tbe eighth moDlh (UlbaUnvlci) : 
A.BUperlor, B. lateral. C, mnlal .urlkce: R, Itnurc of Rolando; pre, prorenlial 
ItNUre: ^. SylTiaDflmire: Mp, Inlerparlelal dnare: pot, parieCo-occlplMl fluare ; 

pU, parallel fliauri!; coKm, CBlIoBomargiual Suun; unc, unru«: talc, olcarlae 



Another important region of fusion of the opposed mesial 
surfaceji of the hemispheres is that corw^ponding to the 
future corpus callosum. Throughout this area the hemispheres 
closely unite with each other. The line of fusion begin; 
at the bases of the vesicles, s 
of the anterior parts of the finih 
passing upward and forward, c 



little distance in front 
ffi {Fig. 139, C.C.), and after 
"Ves horizontally backward 
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in I'lose relation with the fused |>ortions of the fimbrite, now 
the body of the fornix. The adhesion begins at the anterior 
part in the third month, and affects the region of the body 
and apleniuiQ of the future (xirpUB callosum iu the fifth and 
sixth months. Fibers penetrate from one hemisphere to th» 
other throughout this zone of contact, intimately uniting the 
cerebral hemispheres. The corpus callosum is therefore a 
great commisfiure between the two halves of the cerebrum, 
and is neeessariiy composed of libera having a transverse 
direction. 

While the back part of the corpus callosnm lies over the 
body of the fornix and is in close contact with it, the front 
part of tlie Itody of the corpus collusum, as also its genu or 
curve and its rostrum or ascending part are at some distance 
from the front parts of the fimbriEe, In other words, while the 
great longitudinal fissure extends at first to the bases of the 
cerebral vesicles, this fissure is made relatively less deep by 
the adhesions which occur between the mesial walls and which 
result in the development of the corpus callosum ; and the 
space below the anterior part of the corpus callosum, between 
it and the anterior parts of the fimbriie (Fig. 140, C), is an 
isolated part of the great longitudinal fiasxtre. This space is 
bounded on either side by that part of the wall of the corres- 
ponding cerebral vesicle or hemisphere which is limited above 
and in front by the corpus coUusnm, and behind by the ante- 
rior jtart of the fimbria or anterior limb of the fornix. The 
space is the so-called fiftli ventricle of the adult brain. The 
circumscribed parts of the mesial walla of the hemispheres, 
which form the lateral walls of the space, together coustitute 
the septum lucidam. The parts of the hemisphere walls that 
become the septum hicidum do not participate in the process 
of fusion mentioned above. Their surfaces are in contact, 
however, and do not develop the typical gray cortical matter, 
such as appears elsewhere up<in the surface of the cerebrum. 
Cortical gray matter is proiluced here, but only in rudi- 
mentarj' form. 

From what has been said, it will be seen that the two 
layers of the septum lucidum are circumscril>e(l and opposed 
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parts ot* the meaisl walls of the hemispheres; that the fltUi 
Teatricle is not a true vt'titricLe but aa isolated part of the 
longitudinal fissure having no conneetion wliatever \ritli the 
system of ventrieular cavities ; and that this so-called ventri- 
cle is not, like the true ventrieles of the brain, lined with 
ependynui, but with atrophic gray oortical matter. 

The limbic lobe has bucri referred to as that part of the 
medial surface of the iieioisphere which is circumscril)ed by 
the calloso- marginal fissure, the post-limbic sulcus, and the 
collateral fissure. It is limited centrally by the fissure of the 
corpus callosum and the hippooinipal fissure, which are 
represented in the fetal brain by the single uninterrupted 
arcuate fissure. Hence the limbic lobe would include the 
gyrus fornicatus, the isthmus, and the gyrus uucinatus, which 
constitute morphologically a single ring-like convolution. 
Sehwalbe, however, includes with this so-called limbic lobe 
all the surface of the mesial wall of the hemisphere included 
between the anniate fissure and the fisH»re of the choroid 
plexus (Fig. 138), designating it the falciform lobe (Fig. 141). 




The falciform lobe therefore consists of two ring-like convo- 
lutions, one within the other, the two Wing .separated from 
each other by the arcuate fissure (the adult callosul and den- 
tate fissures) aud Itcing limited centrally l)y the fissure of the 
choroid plexus (the great tmnsverse fissure of the adult 
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brain). While the outer of these concentric convolutions — 
the Ihnbic lol>e of Broca—develnps into the fornicate or cal- 
losal, the isthmian, and thft uncinate gyri, the inner ring 
differentiates but slightly, its cortical matter remaining 
atrophic. The atrophic condition of tlie cortex here is asso- 
ciated with tho!»e adhesions between the mesial walls of the 
hemispheres that result in the formation of the corpus cnl- 
losura and the septum lucidum. By these adhesions the 
continuity of the inner conceutric convolution is broken, and 
it is therefore represented, after tlie development of the corpus 
calloBum, by the atrophic gray matter of the septum lucidum, 
by the gyrus dentatus, and by the lateral longitudinal strise 
on the free surface of the cor|ins callosum, the latter being an 
atrophic or rudimentar}- convolution. Since the transverse 
fissure of the brain is the centric boundary of the ring, the 
fornix is also a part of the falciform lobe. To sum up, the 
ikldform lobe includes the gyrus fornicatus, the isthmus, the 
gyrus uncinatus, the lateral longitudinal striee or taenia toctie 
of the corpus callusum, the gyrus dentatus, the laminic of the 
septum lucidum and the fornix. 

The olfactory lobe or rbineccephalon is an outgrowth from 
the vesicle of the cerebral hemisphere. Its development be- 
gins in the fifth week by the ]K)uching-out of the wall of the 
vesicle near the anterior jiart of ils floor (Figs. 131 and 133). 
This diverticulum, which contains a raivity continuous witii 
that of the vesicle, gn>w8 forward and soon becomes some- 
what club-shaiied. In the selachians {sharks and dog-flah) 
the projection attains a great relative size, the olfaotwry lobes 
in these animals being one of the most conspicuous parts of 
the brain. In all mammals except man it is well developed, 
and in the horse its cavity persists throughout life. In man 
the cavity soon becomes obIiterate<l and the lobe itself in 
part aboi-ts. The protnideJ portion, becoming more dis- 
tinctly club-shaped, differentiates into the olfactory bulb and 
the olfactory tract, the position of the original cjivity being 
Indicated by a more or less central mass of neuroglia con- 
spicuous in cross- sect ions of those structures. Tlie proximal 
portion of the olfactory lobe is represented in the adult 
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human brain by the gray matter of the anterior perforated 
lamina (or space), and by the trigonum olfactoriiim and the 
area of Broca, as well aa by the inner and outer roots of the 
olfactory tract (note olfactory lobe of dog's brain, Fig. 142). 




Fio. 142.— Bmb of doK'B brain : o(., oltoctory lobe ; a.p.1., region comHpondlng lo 
anterior perfbrated ifOcQ, «h1ch i« ini^liidcil In Ihc olbctory lobe ; /S.. fissure nf 
Sylvliu: ffA, hlppocwnpal Ky™-"". de»«!opcd lo a grpuler degreti Ihan In huiuaii 
bniu: (,, McUoiiBl surlkco of DlDkctorjr lobe: at., olfkckiry sulcus. 



Because of the relation of the place of evagination of the 
olfactory lobe to tlie foTisa of Sylvins, it happens that a part 
of this lobe, the anterior perforated lamioa, is situated at the 
commencement of the fissure of Sylvius and that it is in con- 
tinuity with both estrcmities of the ring lobe; hence, the 
olfactory lobe is connecteil with both extremities of the falci- 
form lobe. To express it in the lan(;iiiisp i>f liumsin anatomy, 
the enter or lateral root of the olfactory tract is connected 
with the gyms oncinatoB, whiio tlic inner i>r mesial root may 
be traced to the fore part of the gryras fomicatoB. 

After what has been said, the reader need scarcely be re- 
minded that the olfactory bnlb and tract, often erroneously 
referred to as the olfactory nerve, are parts of a lobe of the 
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brain, a lobe which in man is rudimentary but which in all 
other raammak is well developed. 

Tabulated RSaum£ of the DfrivativeB of the Brain-veaicleB. 
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THE DEVELOPMENT OF THE PERIPHERAL NERVOUS 
SYSTEM. 

The (Ipvelopment of the peripheral ner\oii8 system ia still 
involved in some degree of obBciirity, In general terras it 
may be stated that the peripheral nervous apparatus ia de- 
rived as an extension of the central oerebro-spinal axis. 

lu the case of the spinal netrea, each nerve-trunk is com- 
posed of both motor and sensory fiiwrs, tlie former being in 
continuity with the spinal oord through the medium of the 
anterior nr motor roots, and tlie latter through the posterior 
or sensory r<Kjte, each sensory root jwsscasing a ganglion. 
The cranial nerrea exhibit a less regular oomposition. While 
the trigeminal nerve, for example, arises by two roots, after 
the manner of a spinal nerve, Bome others correspond in rela- 
tive position and in mode of development to the ventral or 
motor roots of the spinal nerves, and still others are equiva- 
lent to the sensory spinal rootfi. 
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The development of the seuBoiy nerve-fibers is dependent 
upon and is preceded by that of the ganglia of the posterior 
roots of the spinal nerves, and of several ganglia of the head 
region which are related to the development nf certain of the 
cranial nerves. Hence the consideration of the genesis of 
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the ganglia must precede the account of the growth of the 
sensory nerve-fihora. 

The origin of the ganglia is connected with the early 
hislorv of the evolution of the neural tube, Jiist after the 
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sides of the medullary plate {vide p. 255) have united with 
each other to form tlie neural tube, there appear two ridges 
of cells between the tube and the epidermis, one on each side 
of the raphe or line of union of the sides of the tube. These 
ridges are the neural cresta (Fig. 143). They first appear in 
the region of the hind-brain and advance from this point 
both headnard and tailward. The ganglia develop from 
these neural crests. The cells of the nenral crest are usually 
describetl as growing out from the neural tube, though ac- 
cording to His it is probable that they originate singly from 
the ectoderm. 

The mass of cells composing the neural crest grows out- 
ward and then ventrad along the wall of the neural tube, and 
very soon undergoes segmentation into a number of cell- 
masses which are tlie rudimentary ganglia. In the spinal 
region the number of segments corre9|)onds to the num- 
ber of future spinal nerves. In tlie head region there are 
four segments. These latter, titc cephalic ganglia, will be 
referred to subseipicntlv. 

The segmentation of the neural crest corresponds in the 
main with the segmentation of tlie paraxial plate of the 
mesoderm, whereby the myotomes are producetl, and each 
segment lies upon the inner side of a myotome. The con- 
nection of the segments with the neural tube t)ec«mes re- 
duced in each case to a slender strand, the point of continuity 
of which with the tube is shifted farther away from the 
median line, as development progresses, to correspond with 
the dorsolateral position of the sensory nerve-roots in the 
mature condition. 

The cells of the ganglia acquire axis-cylinder processes, 
each such process, upon further elongation, becoming the 
axis cylinder of a future nerve-fiber. The cells being bi- 
polar, each one gives origin to two nerve-fibers, oue passing 
to the spinal conl and one going to the perij>hcry of the 
body as a sensory nerve-fiber. Thus the ganglia are made 
up of cells whicli are interpolated in the course of the sen- 
sorj' nerve-fibers, and these cells may be regai-ded as having 
migrate*! from tlie developing cerebrospinal axis, or, if the 
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view of His be accepted, from the region of the ectoderm 
from which the tube originates, tiieir connection with the 
axis being mainlaiiied liy the gradually lengthening out axis- 
cylinder process. 

Tlie development of the motor nerre-fiberB differs from 
that of the sensory. Tliese fibers, or at least, the axis cylin- 
ders of the fibers, are the elongated neurits of nerve-cella of 
the spinal a>rJ and brain. The nenrobla'*t« of the thickened 
neural tube, as they become fully differentiated nerve-cells, 
migrate from their central position into the mantel layer, or 
superficial stratum (Fig. 124). On the distal side of the nu- 
cleus of the cell, the protoplasm first becomes mossed and 
then lengthens out to form an axis-cylinder process or neurit, 
which in all vertebrate animals grows out from the cerebro- 
spinal axis to form a mutur nerve-fiber. 

Although, in the cose of the spinal nerves, the motor and 
sensory fibers are separated fmni each other at their origin 
from the conl, tliey soon intermingle to constitute a spinal 
nerre-tnmk. In certain lower types, as eyclostoraes and 
aniphioxn^, the motor and the sensory fibers permanently 
pursue separate routes to their peripheral distributitm. 

The envelopes of the nerve-fiber are acquireil at a rela- 
tively lute perioti. The appearance of tlie nettrUeinma pre- 
cedes that of the white substance of Schwann. Botli these 
investments are derived from the mcsoikTin. The colls of 
the latter apply themselves to the ner\c and, penetrating 
between the fibers, become arrange<l as an enveloping layer 
npon each axis cylinder, ultimately forming a CfHnplete 
slieatli, the neurilemma. The persistent nuclei of these cells, 
scantily surroundiKl with protophism, constitute the nerve- 
corpnscles of the neurilemma. The medulla, or white sub- 
stance of Schwann, is fornic<l at a considerably later period 
within the neurilemma. The deposit of the medullary sheath 
varies as to time for different groups of fibers — although the 
time is constant for each group — and proceeds always in a 
direction away from the cell from which the fil)er originates, 
or, differently expressed, in the direction in which the fiber 
conveys impulses. Thus, in the spinal cord, groups of afferent 
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fibers may be distinguished from those that are efferent by 
observing the direction in which the medullary sheath devel- 
ops — that is, whether the sheath appears first at the upper end 
of the fiber or at the lower end. 

The cranial nerve-fibers in their development follow in the 
main the same general principles that govern the growth of 
the spinal nerves. That is to say, the motor fibers grow out 
as extensions of the axis-cylinder processes of nerve-cells of 
the cej)halic j>art of the neural tube and the sensory fibers 
pr<)(HHKl from the cells of outlying ganglia, or in the case of 
at least one nerve, the olfactory, from infolded and highly 
H|>ecialized cells of the ectoderm. 

The cephalic ganglia, four in inmiber, have been referred 
to as resulting from the segmentation of the head-region of 
the neural crest. As previously stated, the neural crest 
begins to grow first in the region of the hind-brain and 
extends from this point both forward and backward, occ»upy- 
ing a position upon tiie roof or dorsiil wall of the hind-brain. 
The part of the neural crest belonging to the head-region 
then <livides into the four masses or head-ganglia which are 
designat<*d res|)eetively the first or trigeminal, the second or 
acusticofacial, the thinl or glossopharsmgeal, and the fourth 
or vagal, ganglia. 

'Hie trigeminal ganglion, which is very large, becomes di- 
vided into a smaller anterior portion, the ophthalmic or ciliary 
ganglion, and a larger posterior segment, the trigeminal 
ganglion pro|M»r. 'i'iies(» two become widely separated during 
tlu' progress oi* (levelopmiMit, sinee they constitute respec- 
tively the later ciliary and Gasserian ganglia, the ciliary 
ganglion belonging to the ophthalmic division of the fifth 
nerve, whil(» the trigeminal belongs to the sup(»rior maxillary 
<livision and the s<»nsorv part of the interior njaxillary divi- 
sion of the fifth. Their nerve-cells give rise to the sensorv 

• 

fibers of these trunks in the siune manner that the cells of 
th(» spinal gjinglia pnnhice the sensorv fibers of the spinal 
nerves. Wy some observers, the sphenopalatine (Meckers) 
ganglion and the otic, and jH)ssibIy the submaxillary ganglia 
are to be regarded as offshoots from the Gasserian ganglion. 
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The acnsticofacial ganglion, after its niignition from its 
origiiiul jMsitiun on the JtiniUin of the hind-bniiQ, lieu Just 
in front of the otic vesiele. This ganglion sub!i<equentl)' 
divides into the facial and the acoustic ganglia. The facial 
guiglion, the geniculate ganglion or iutumescentia ganglio- 
formis of the facial nerve, situated in the facial canal of 
the temporal bone, although described as a ganglion upon 
a motor nerve, the facial, is, in reality, connected mainly 
with the pare intermedia, a bundle of sensory fibers issuing 
from the nuclens of origin of the glossopharyngeal nerve. 
It is equivalent therefore to a spinal ganglion. 

Tliti aconstic portioii of the acustieofacial ganglion divides 
still further to liccomo the ganglion on the vestibular part of 
the auditory nerve, and the ganglion spirale of the cochlear 
division of the audilory, which latter is situateil in the spiml 
canal of the nuRliohis. It is considered probable thut the 
lateral accesaoiy auditoiy nncleoB, which is connected wiili 
the cochlear fibers of the auditory nerve and lies on the out<T 
side of the restiform body, is also a part of the acoustic 
ganglion. From the cells of the vestibular ganglion, which 
is situateil in the internal meatus, centrifugal fibers develop 
to form the Teatlbular nerve, while other centripetally growing 
fibers become the ventral or mesial (vestibular) root of the 
auditory nerre. The cochlear ganglion in the same way gives 
rise to the cochlear branch of the iicrve and to its don<al or 
lateral root. Thus the auditory ner\'e and its ganglia corre- 
spond respectively to the sensorj- root of a s])iiial nerve and 
to a spinal ganglion. 

The third cephalic ganglion becomes the ganglion of the 
glossopharyngeal nerve, undergoing segmentation to form 
the upper or jugular iind the Imvcr or petrous ganglia of this 
nerve, while the axis-cylinder prcu'esses of its cells lengthen 
out to become the sensory filwrs. 

The fourth cephalic ganglion similarly becomes the two 
ganglia of the pneumogastnc nerve and gives rise to its 
sensory fibers. 

"While the motor fibers of the cranial nerves develop by 
the outgrowth of the axis-cylinder processes of the motor 
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nerve-cells of the brain, and thus correspond in manner of 
development with the spinal motor fibers, there is a modificor- 
Hon OH to their point of emergetice from the central axis. 
Instead of issuing in line with the spinal motor roots, there 
are two sets of cranial motor roots, the ventral and the 
lateral. Both arise from the cells of the ventral zone of the 
neural tube and thus correspond in point of origin with the 
spinal motor fibers, but the cells from which proceed the 
fibers of the ventral roots are situated in the ventral jmrt of 
this J^one, whereas the parent cells of the lateral roots lie 
near it^ dorsiil edge, close to the deep connections of the 
sensory fibers. It happens therefore that the lateral roots 
emerge in close proximity to the dorsal or sensory bundles, 
the two apparently constituting one nerve-trunk. The motor 
fibers of the fifth, seventh, ninth, and tenth nerves have this 
lateral position, and are so closely identified with the sensory- 
fibers tiiat the two sets form one trunk in each case. 

The ventral motor nerve-roots emerge in line with the 
ventral or motor roots of the spinal nerves. The only cranial 
nerves which represent persistent ventral motor roots are the 
abducens and the hjrpoglossal. 

A sfifl further modijication in the cranial nerves is presented 
hji their relation to the serpnentation of the head, ,As pointed 
out above, the segmentation of the spinal j)art of the neural 
crest is in correspondence with the segmentation of the trunk, 
and each spinal nerve therefore may be regarded as belonging 
to a particular segment of the trunk. In the case of the cra- 
nial nerves, however, there is no such regular correspondence, 
since in some instances, several nerves are referred to one 
head-segment, w^hile in others, one nerve belongs to several 
segments. An example of the latter is furnished by the 
hypoglossal, which arises from the side of the medulla by a 
M'ries of bundles of fibers which are referable to several 
s(»gments. 

As will be seen later, in the account t)f the development 
of the nose and of the eye, the olfactory and optic nerves 
exhibit certain peculiarities which set them apart from the 
other cranial nerves. 
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From what hps been said, it will be apparent tliat the 
cranial nerves develop in a far less regular manner than ibe 
spinal nerves, and that consequently their trunks consist id 
some cases of only sensory Kbers, in other cases of only 
motor fibers, anil in still othera, of both varieties. Typically, 
each cranial nerve would have a dorsal sensorj' root with a 
ganglion, and two motor roottt, one lateral and the other ven- 
tral. But by the suppression of one or two of these typical 
rootif there will be produced a nerve, for example, represent- 
ing only the ventral root, as the sixth and twelfth nerves, or 
a trunk containing sensory and lateral motor fibers, us the 
vagus, or a nerve consisting solely of sensory fibers, as the 
auditory. 

By way of recapitulation the cranial nerves may be briefly 
considered seriatim : 

First Pair. — The olfact«iry nerve-filaments grow eentri- 
petally from the olfactorj' epithelium of the nasal mucous 
membrane. 

Second Pair. — The optic nerve is not a true nerve (see 
Chapter XV L). 

Third Pair. — Tlie oculomotor nerve represents a (lersistent 
lateral motor root of the first head-segment (the ophthalmic 
division of tlie fiflh nerve being the sensory root of the same 
segment). 

Fourth Pair. — The trochlear nerve represents a lateral 
motor root and belongs to the second head-segment. 

Fifth Pair. — The trifacial or trigeminal nerve, containing 
sensory and motor fibers, represents a persistent lateral motor 
root and a dorsal sensory root. The ophthalmic portion of 
the sensory root belongs to the first head-segment, while all 
the remaining fibers, with the fourth nerve, are assigned to 
the second segment. 

Sixth Pair. — The abducent develops as a ventral motor 
root and belongs to tho third and possibly to the fourth 
segments. 

Seventh and Eighth Pairs. — The acusticofacialis nerve, or 
the facial and auditory nerves, develop as a single nerve with 
several roots. The auditory nerve and the sensory fibers of 
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the facial — that is, tlie pars iutermedia — correspond tu a dor- 
sal senaory root, the divisiou of theacusticofacialgaDglioQ into 
the several ganglia of the auditory nerve and the geniculate 
ganglion of the facial accounting for the division of the root 
into the auditory trunk and tlie pars intermedia. (The sen- 
sory fibers of the facial pass off through the ehorda tympani 
to go to the tongue as special-sense filters.) The motor fibers 
of the facial develop as a lateral motor root, originating 
from cells in the ventral zone. These two nerves, with the 
sixth, belong to the third and ptissibly to the fourth head- 
oegmentB. 

Ninth Pair. — The glossopharyngeal nerve, made up lai^Iy 
of sen.'fory fibers, represents a dorsal sensory root and a lateral 
motor root, the fibers of which latter grow out from cells in 
the dorsal part of the ventTal zone of His, the later nucleus 
ambiguui:. It belongs to the fifth head-segment. 

Tenth Pair. — The vagns develops in the same manner as 
the glossopharyngeal. 

Eleventh Pair. — The spinal accessory represents in part 
motor spinal roots and in part probably the lateral motor and 
dorsal sensory roots of the cranial nerves. 

Twelfth Pair. — The hyjmglossal develops as the ventral 
motor roots of several segments, being identical in mode of 
origin with the anterior roofs of the spinal nerves. This 
nerve and the vs^us belong to the head-segments from the 
sixth to the tenth inclusive. 



THE DEVELOPMENT OP THE SYMPATHETIC SYSTEM. 

There are two views as to the origin of the sympathetio 
system. One theory, based upon the investigations of Pater- 
son, is that the gangliated cord of the sympathetic is differ- 
entiated from mepodermic cells, the cell-cord thus formed 
acquiring, secondarily, connections with the spinal ner\'e8, 
and prf-senting still later the enlargements which constitute 
the ganglia. 

The more generally accepted view, based upon the re- 
searches of Balfinir and the later work of Onodi and His, is 
that the sympathetic ganglia develop us offshoots from the 
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▼entral extremities of the spinal ganglia. Each little mass, 
which has budded off from a spinal ganglion, moves some- 
what toward the ventral surface of the body, its bond of 
union with the parent spinal ganglion being drawn out to a 
slender cord, the representative of the future ramus com- 
mnnicans. Each primitive sympathetic ganglion sends out 
two small processes, one growing tail ward from its lower ex- 
tremity, and one in the opposite direction from its upper end, 
the approaching processes from each two adjacent ganglia 
meeting and uniting and thus secondarily establishing the 
connection between the different ganglia of one side of the 
body and forming the gangliated cord of the sympathetic. 
From these ganglia migrating cells probably pass out to 
develop into the secondary ganglia of certain viscera, as His 
has shown to be the mode of origin of the ganglia of the 
heart. 
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CHAPTER XVT. 

THE DEVELOPMENT OF THE SENSE ORGANS. 

In the organs of the senses we have to do with peripheral 
nervous mechanisms of greater or less degrees of complexity, 
the essential elements of which are elaborately modified or 
specialized n euro-epithelial cells. These nenro-epithelial 
stmctures are specialized cells of the ectoderm, derived from 
it either directly, by the infolding of patches of ectodermic 
epithelium, as in the case of the olfactory cells, or indirectly, 
by growtJi outward from tlie central nervous system, as in 
the case of the retina. The organs of the sense of touch, tlie 
tactile corpuscles of the skin and mucous membranes, are 
distributed somewhat irregularly, while such highly special- 
ized structures as the organs of the special senses of vision, 
hearing, smell, and taste are provided with special protective 
and accessory apparatuses. 



THE DEVELOPMENT OF THE EVE. 

It will ])erhaps facilitate the comprehension of the general 
principles involved in the development of the eye if its 
function as the organ of vision is kept in mind, and if, 
therefore, the retina and the optic nerve iire recognized as 
the essential parts of the organ, and the other i^tructures as 
accessories. The tetina, and the optic nerve are an out- 
growth from the brain, the rod- and ci>ne-viaual cells of the 
former being epithelial cells so specialized as to serve as 
percipient elements, while the optic nerve-fibers are the con- 
ducting medium. To allow of the penetration and refraction 
of the rays of light, the overlying epidermis difFtrentiates 
into a transparent and refractive medium, the cryatalllne 
lens, and the necessary protection and means of nourishment 
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are provided by the other constituents of the eyeball. Fur- 
ther protectioD is furnished by two folds of modified skin 
and subcutaneous tissue, the erelldB, and lastly for the 
lubrication and still further protection of the exposed jiart 
of the eyeball, there is formed still another set of accessory 
organs, the laciiiaal apparatus. 

The first step in the development of the eye is the growth 
of a diverticulum from the side of the primary fore-brain 
vesicle (Fig. 144), These optic evaginations are quite large 




oles; /d, Ibre-brsit 



M^bnln: m, optic leaklei 



as compared with the bra in- vesicle. They begin to be evi- 
dent even before the neural tube la completely closed. As 
the attached part of the diverticulum expands less rapidly 
than the distal portion, the evagination soon assumes the 
form of a sac or vesicle, the optic vesicle, connected by a hol- 
low stalk with the primary fore-brain. When the secondary 
fore-brain vesicles grow out anteriorly from the primary ves- 
icle, the region of the latter that becomes in conseqnence the 
inter-brain i» the part to which the stalk of the optic vesicle 
is attached. Hence the optic vesicle ia an appendage of the 
inter-brain or thalamencephalon and its point of attachment 
to the latter is at the lateral part of the base, in front of the 
region of the infundlbulum (Fig. 131, A and C). 

The optic vesicle expands laterally and dorsally until it 
lies immediately beneath the epidermis, forming a promi- 
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nence on the side of the head (Fig, 51). The ectoderm 
at the point of contact with the optic vesicle becomes thick- 
ened and depressed, the ditferentiation of this lens-area being 
the starting piiint of the crrstallme lena. The depressed 
patch of ectoderm, sinking more di-eply, is converted into a 
sac, the lens-Teaicle, the connection of wliich with the snrfaoe- 
cells is soon h)st. The distal wall of the optic vesicle, upon 
coming into contact with the lens-vesicle, nndergoes invagi- 
nation, this wall sinking in until the cavity of the vesicle is 
almost obliterated. Thus the vesicle is converted into the 
double-walled optic cup, the ojH.'ning of which looks laterally 
toward the surface of the head, and is occupied by the lens- 
vesicle. 

The invaginated wall of the vesicle — that b, tiie layer 
nearer the center of the cup— becomes the retina, except its 
pigmeut-layer, the latter resulting from the outer layer of 
the cup. The stalk of the cup liecomen the optic nerve. 
The surrounding mesodermic tissue grows into the openings 
referred to above, and gives rise to the vitreouB hamor, 
while the mesodermic cells that closely envelop the optic cup 
produce the aveal tract and the sclera and cornea. 

Having traced briefly the development of the organ, its 
several parts may now bo considered in detail. 

The Retina aad the Optic Nerve,— These two stnict- 
urcM, as stated above, are directly derived from the optic 
vesicle and its stalk. 

To repeat, for the sake of continuity, some points already 
mentioned, the optic vesicle grows forth as a diverticulum 
from the side of the primary fore-brain vesicle, its appear- 
ance being foreshadowed by n lateral bulging of this vesicle 
even before tlie neural canal is completely closed. When 
the primary fore-brain vesicle divides into the secondary 
fore-brain vesicles and the vesicle of the inter-brain, the 
region of origin of the optic vesicle falls to the latter, tlie 
point of attachment being at the outer edge of the base of 
the vesicle in front of the infundibukr evagination. The 
optic nerve is to be regarde*! therefore as springing from the 
inter-brain or thalamencephalon. 
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The outer extremity of the diverticulum expanding more 
rapidly than its ba«e of attachment asMimei the form of a 
vesicle with a narrow ifalk (Fij, 14 1 the stalkel condition 
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being present in the fourth week The veiicle« grow in the 
outward direction and form a prommenLc n each side of the 
bead. There being no brain-case at thia time thev he imme- 
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Fib. H6.— Three >ueee»lvi; slages of clevplopment o( Ihe eye, showing forma. 
UoD of aecouilary npLlo cup and cryatslllnu leua In human emhryoBof 4 mm, (.11, 
Gmm. {B). anil H mm. ((n. ITmirneuxft a. a. primitive optic Tulclei; b, eiteiual 
layer of Keondary optic eap Ifulurc pigment-layer of retina) ; e, inner layer of cup 
(retina proper) ; it, tens'plt Uhlckeued and depresied estuderta) : e, lena-TcnicIe. 

diately under the epidermis, separated from it l»y only a thin 
layer of embryonal connective tissue. This lateral position 
of the optic vesicles is eharncteristic of the early stages of 
development. After Ihe end of the first month the eyes 
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};nidimlly move forward and downward toward their penna- 
lU'nt jKisitioii, which is approximately attained probtiblj- 
oitrly ill the tliird month. 

t*hortl_v atWr the fourth week the distal or lateral wall and 
ihe luidor siiH'ucc of the optic vesicle become invaginated. 
'I'ho iiivn};! nation hcf^ins when the vesicle cornea into contact 
with Iho lons-vesicle {Fig. 146). When the infolding is 
o'liiplt-li', \\\K' vesicle ha^ become the aeccauUry optic cnp, 
wlii.'h hilfiT insists therefore of two layers, an inner and 

I Iter. Tlir nionlli of the cnp, which faces away from 

llir iii.iiiiin ]il:ine of the hiiul, is occupied by the lens-vesicle. 
Sin.'c the uii.lcr snrface iif the vesicle participates in the in- 
vajriiiiiliiii; piiHi'ss (l*"i^. 147) ihcrc is also in this wall of the 
i-ii)> iin ii|H-rttin', wliicit is known as the Ghoroidal flssare. 
ikfwi-ic affects the under surface of the 
vt'sirle si> that it is converted into an in- 
\.i[ triHifili. These invaginations bear an 
iinportiuit relation not only to the 
fnrther ntetamorphosis of the optic 
vcsich' aiul its stalk into the retina 
and the optic nerve, but also to the 
deviloptueiit of the vitreous body 
and of (he central artery of the re- 
tina. Thus, the vitreous body is 
prcKln.rd by the mesodermic ti»- 
siie that finds access to the cup 
i-iii. ii;. i-i,i.iu- npri'siiim- (hninffh the ch'>roiilal fissure, and 
im''i\-iir!!'iw''ir"\'jrH,^i"'!K,-'''ir ''"■ ■'"^^'''i'' centralis retinie is de- 
..„t..rivniin([h,>,ui-:i(.,ii,iiiiuT voloju'il in file vascnlar raesoder- 
Hniis.Hiiiciii'.it.T.iisiipiH'sraar)- "'''' tlssne that invaginates the 
!u"v>.\-wik »fX"!rti"viT'u '""'**'" '^'"'^="^<' "*" ^^^ ^^^^ «*" the 

with n riirniw nn Iin Inwi'r niir- Veslole. 

m"v ;' ./"^lri>!!us''i-!ri>-';''/,''ii''ii™"" ''"'"' '''"""oidal fissure gradually 

eonlnielH aflcr the entrance of the 
mesoderm, and in ihc hiHf. montli of fetal life it entirely closes. 
The month of lln< opiie en|i ernbiiK-.-H the lenw, its rini being 
always on the distal -lide of. ..r -npiTtieiiil to, that structure. 
This opening n'pnwnlw llio pitpll of Inter nlagen. 
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The further mctjimorplioeis of the optic cup includes alter- 
ations peculiar to each of the two layers and also to the 
different re^ons of the cup. The mouth of the cup contracts 
somewhat by increased growth of the wall, and thua there is 
a zone bordering this orifice which is anterior to the lens, 
holding the same relation to the latter body that the future 
iris holds. A second zone corresponds with tiie peripherj- 
of the lens, while a third region, the fundus of the cup, 
includes all the remaining part of its wall. 

The ftmdns of the cup undergoes much greater specialization 
than the other regions. The outer layer of the cup remains 
thin, consisting of a single laypr of cells which assume the 
cuboidul form and become infiltrated with pigment-granules. 
This forms the plgment-Uyer of the retiim. The inner 
lamina of the cup thickens, by the multiplication of its cells, 
and soon consists of numerous spindle-shaped ccHs. The 
thickened fundus is markwl off from the zone that surrounds 
the periphery of the Ions by a slight groove which coi-res- 
ponds in position with the future ora serrata. These early 
spindle-cells give rise to two kinds of elenuiits, the stroma 
of the retina, or Mtiller's fibers, and the various nerve-fells, 
including the highly specializetl rod- and cone-vjsnal cells. 

The principal snstentacnlar elements, or Mailer's fibers, 
like the spongioblasts of the neural tube, are radially 
arranged and extend throughout the entire thickness of tlie 
retina. Their inner expanded extremities, in close conlnct 
with each other, form the inner limiting membrane, while 
their outer ends, in the same way, constitute the outer limit- 
ing membrane, which latter is in contact with the pigment- 
layer. The i^tionia of the retina receives a small contribu- 
tion from the mesodemiic tissne, which grows into it through 
the choroidal fissure to furnish the vascular supply. 

Of the nerve-cells, those near the pigment-layer undergo 
great alteration in form and become the sensoiy eplthelimn 
— that is, the rod- and cone-visual cells. At first these lie 
entirely internal to the external limiting membrane, which 
separates them from the pigment-layer. After a time, how- 
ever, processes grow out — that is, away from the center of 
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rods and conea are to be regarded, therefore, as one layer of 
highly specialized u euro-epithelium, made up of the rod- 
visual cells and the cone-visual cells, the inner segments or 
bodies of the cells being only apparently isolated from the 
outer segments, the rods and cones respectively, by the fact 
that the latter project through minute apertures in the 
external limiting membrane. The axis-cylinder pnKwssesof 
these cells pass toward the center of the eyeball. 

The neuro-epithelium of the retina is the last of its elements 
to develop. In ni:in ;ind in many mammals, it is present at 
birth. Ill the cat and the rabbit, the rod- and cone-visual 
cells develo|) after birth, and hence the new-boru of thej*e 
species are blind. The macula Intea is developed after birth. 

The cells of the inner part of the retina differentiate into 
the remaining nervous elements, some becoming the bijKilar 
and other cells of the inner nuclear layer — the ganglion 
rctinre — while others form the large ganglion cells of the 
ganglion -cell layer . The axis-cylinder prncosses of the 
ganglion cells are directed inward to form the nerve-flber 
layer, the fibers of this layer converging from all parts of 
the inner surface of the retina toward the optic disk or 
papilla. Here they perforate the retina, as well as the cho- 
roid and sclera, to pass, as optic nerve-fibers, to the brain. 

This part of the optic cup, the flmdus, produces then, in 
the manner described above, the functionating portion of the 
retina, or the pars optica retinse, the anterior termination of 
which is indicated by tJie orra serrata. 

The lenticnlar zone of the optic cup, which is in relation 
with the periphery of the lens, undergoes comparatively 
slight specialization. Its outer lamella is pigmented, as in 
the fundus of the cup. Its inner layer remains very thin 
and consists of cells which at first are cuboidal, but which 
later become cylindrical. At the end of the second month, 
or the beginning of the third, the two layers of the lenticnlar 
zone become plicated, owing to exressive growth in super- 
ficial extent. The folds are nearly parallel and are arranged 
radially with reference to the lens, the margin of which they 
surronnd. These folds are the first indication of the ciliary 
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processes. The mestxlermic tissue immediately external to 
the optic cup difl'erentiatei; into the uveal tract, the part cor- 
responding with the lenticular znne of the cup furinshiug the 
ciliary body. The young growing connective tissue pene- 
trates between the iblds of the lenticular zone of the cup, 
acquiring intimate union with the pigment-layer, and thus 
provides the connective -tissue basis of the ciliary processes. 
This lenticular zone of the two layers of the optic cup, 
tlierefore, constitutes the lining, or internal covering, of the 
ciliary body, and must necessarily be regartiod as the contin- 
uation of the retina. It is known as the para cUiaris retiiue 
of tlie fully devfloped cvf. 

The marginal zone of the optic cup, or the region border- 
ing its orifice, is also related id its further growth with the 
uveal tract. Although in the earlier stages of development 
the lens lies in the mouth of the cup, as time goes on the 
relation is so altered that the aperture and the zone which 
borders it occupy a position iu front of the leus. In this 
marginal zone both lamella; of the cup become pigmented 
and acquire union with the layer of meeoderraic tissue which 
is differentiating into the iris, and they therefore contribute 
to the formation of that stnicture, constituting its pigment- 
layer. The pigment-layer of the posterier surface of the 
iris is, therefore, an extended but rudimentary part of the 
retina. It is called the pars iridica retiiue. 

From what has been said, it will be apparent that the 
retina forms a complete tunic with an anterior perforation, 
tlie pnpil, and that it consists of the fimctionally active part, 
or retina proj^er, the para optica retime ; of the pars ciliariB 
retinn, marked off from the latter by the ora serrata ; and 
of the pars iridica retinsB, which terminates at the margin 
of the pupil. 

The evolution of the optic cup or secondary optic vesicle 
may be thus summarized : 



I. Uarginnl oi 
!gioD of cup. 
II. Lenticular 



most Btilcrior The thin atrophic pare iridica re- 
liniE, or pi ginenl -layer of (he iria. . 

.one of cup. Pare ciliuriH rclinw, covering inoer 

Hurface of ciliary body. 
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III. Fundus or cup. 



A. Oilier layer. 
E Inner layer. 



Functionating; part of retinn, or pars 
oplicB relioc, including : 

A. Pigmeat-kyer of retina. 

B. 1. NeDro^pithullal layer, made 
up uf layer of rods and cones (the pro- 
cesiies of tlierod-an<! tone- viBoal cells) j 
menibrana liuiitiinn exlertin ; outer 

iJclear layer (Ihe bodien of llie rud- 






<x\]s]. 



% Cerebral layer (representing an 
jnterpo luted ganglion Willi connecting 
fibent), fonsisling of: 

Ouler retk-iilar layer; 

Inner nuclear layer ; 

Inner reticular layer; 

Uanglion-cell layer; 

Nerre- filler layer. 



The optic nerve is tin? metamorphnswl stalk of the optic ven- 
icle. Wlieii the distel and uuder surfaces of the vesicle sufier 
in vagi nation, the stalk participates in (he process, its under 
surface being marked by a groove which is n prolongation of 
the choroidal fissure of the optic cup (Fig, 147). By this in- 
folding, the cavity of the stalk is obliterated and the stalk is 
converted into a double-walled tube enclosing niosodeniiio 
tissue which follows the invaginating ventral wall. In this 
meeodermic tissue is developed the axteria centralis retime. 
In mammals the invagination affect^i only the distal part of 
the stalk, the segment included between the eyeball and the 
point cor rcsiwn ding in the adult to the place of entrance into 
the nerve of the central artery. It must be apparent that 
the outer layer of the tube thus formed is directly continuous 
with the outer layer of the optic cup, while the invaginated 
lamina' is the prolongation of the inner wall of the cup or 
of the part that becomes the retina proper, since not only 
the distal wall of the optic vesicle is invaginated, but its 
nnder or ventral wall as well. 

The primitive optic nerve at this stage consipts of layers 
of spindle-shaped cells, with a central core of vascidar con- 
nective tissue. 

The manner in which the nerve-flbers are devcloijed is 
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still a matter of controversy. According to His and KoIH- 
ker, the fibers grow out from the ganglion-cells of tlie optio 
thaJarai and the anterior corpora quad r i gem ina, while Miiller 
believes tliat they are the prolonged axis-cylinder processes 
of the ganglion-cells of the retina. In either case the cells 
of the optic stalk would furnish only tbe snstentative tissue 
of the nerve. There is also a contribution of sustentative 
tissue or stroma from tlie mt'sodcrni, as in the oise of the 
central nervous system. 

The Crystalline I,ens.^Tlie lens, exclusive of its cap- 
sule, is, like the retina, of ectodermlc origin. The first step 
in its development is the formation of a thickened and de- 
pressed patch of the ectoderm on the lateral surface of the 
head, this area lieing situateJ at the place where the optic 
vesicle is nearest the surfiice (Fig. 14(3, B, d). The de- 
pression is the lens-pit. It *oon becomes converted into a 
closed sac, the lenB-Tesicle, by the gradual approximation and 
union of its edges. The pit receding from the surface as its 
lips come together, the completed vesicle lies under the sur- 
face ectoderm, with which it is for a time connected bv the 
alender stalk of the invagination. Upon the disappear- 
ance of the strand of cells constituting the stalk, the lens- 
vesicle is completely isolated from the outer germ-lnyer 
(Fig. 146, C, e). 

The lens- vesicle in birds is a hollow epithelial sac several 
layers thick, but in mammals the central cavity contains a 
mass of cells, which latter disappear in the later stages of 
development. 

Upon the invagination of the optic vesicle to form the 
secondary optic cup, the lens-vesicle is embraced by the lips 
of the cup and still later comes to lie within the cup, near its 
orifice (Fig. 148). 

The further alterations in the vesicle are dependent pri- 
marily upon changes in its deep and superficial walls re- 
spectively, each of which consists of several layers of cylin- 
drical cells. The cells of the superficial wall alter their 
form, becoming cuboidal, while the posterior or deeper cells 
lengthen so as to become fibers. Thus the deeper wall of 
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the vesicle thickens at the expense of the central cavity — the 
central mass of cells at the same time disappearing — while 
the superficial layer remains thin. The two strata are con- 
tinuous with each other at the etiuator of the lens, ouo form 
gnulually melting into the other at this r^ion, which is a 
zone of transition (Fig. 148). 

The lens at this tituge is compoi^ed, therefore, of a thin 
superficial or anterior stratum of cuboidul epithelial cells anil 
a much thicker [josterior or deep layer of ao-oa lied fibers, the 
latter being simply the greatly elongated cells of the posterior 
wall of the vesicle. Between tlie two laminie is a small 
remnant of the cavity of tlie vesicle. The epithelial layer 
persists throughout life as the epithelium of the lens, M'liilc 
the fibrous layer is the basis of the lens-fibers of the m;iture 
conditiou. The cavity sometimes persists as a small space 
containing a few drops of fluid, the liqnor of Morgagni. 

The next imjiortant stage iu the development of the lens 
is the formation of additional lens-fibere. These result from 
the proliferation of the cells of the epithelial or anterior 
layer. The lens-filjers are formed in successive layers, as 
may be made evident bv the mncenition of a lens. Each 
fil)er extends from the anterior to the posterior surface of the 
lens. The ends of the fibers meet each other along regular 
lines, producing thus the characteristic three-rayed figures or 
stars of the lens, one of which belongs to each surface. 
Hence, while the lens-fibers first formed are the elongated 
cells of the posterior layer of the lens-vesicle, the fibers of 
later growth originate from the cells of the anterior wall. 
The epithelial character of the lens-fibers is evinced by the 
presence of a nucleus in each fiber of a young lens. 

The lenfl-capanle results from the differentiation of the 
mesodemiic tissue which surrounds the lens. It is from this 
enveloping vascular lamina, the tnnica yascnlosa lentiB, that 
the growing lens derives its iiutiitiou. The capsule is well 
marked in the second month. Its blood-vessels are derived 
from those of the vitreous body. At the end of the seventh 
month this well-developc^l, highly vascular membrane begins 
to undergo retrograde alterations, the final result of which is 
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its traoeforniation into the thin, non-vascular, transparent 
capsule of the mature lens.' The most active growth of the lens 
itself occurs prior to the degeneration of the tunica vasculosa 
lentis, BO that even before the end of fetul life the lens has 
nearly attained its full size. Thus the weight of the lens of 
the new-born child is 123 milligratumes, while that of the 
adult lens is but IDO milligrHmiueti {Husclikc-). 

Hence the cirBtalline lens has w double origin, the lens-sub- 
slauce or Ions projKT being derived fnmi i\w. ectoderm, while 
the capsule originates from the meaodenn. 

The VitTeons Body. — The vitreoua body, reprewenting a 
comparatively slightly difloreiitiated form of conaectiTe tisane, 
is derived from the middle germ-layer. The niesodermic 
tissue, already in the stage of cmbnonal connective tissue, 
gains access to the optic cup through the choroidal fissure 
(Fig. 147), its ingrowth in fact accomjianying the invagina- 
tion of the under surface of the optic vesicle. Smce the 
inferior aurtace of the stalk of the vesicle — the future optic 
nerve — participates in the invagination, the mass of meso- 
dermic tissue which gives rifie to the vitreous is continuous 
with that which invi^inates the primitive optic nerve to 
produce the central artery of the retina. As a consequence, 
the blood-vessels which boou develop so plentifully in the 
vitreous bo<ly are cjstensions from the central artery of the 
retina, the latter itself being continued forward as the hyaloid 
artery. The terminal branches of the hyaloid artery pass on 
through the vitreoua body to terminate in the vascular cap- 
sule of the growing lens, constituting the blood-supply of 
that sinicture. 

Tlic intercellular substance of the young tissue undei^oes 
but little differentiation, while the celiri become gradually 
reduced to a few stellate elements which nltimately entirely 
disappear. The peripheral part of the tissue develops into 

' It aoinelinieti haiijienB tKnt [larls of the klai lenB-Cflpeule peniet. TIte 
mriBt coroiuon ejcample of siwh peraialence is the so-called membrana pupil- 
hris sometimes present at birth, prnducing eongemlal alraia of the papil. 
Thin resultB from the pereisleiice of that part of ihe fetal capsnle which is 
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the byaloid membrane, which tLntcriorly acquires union with 
the capetile of the tens. 

The blood-Tesaels of the vitreous disappear during the last 
two or ffiree luontlis of fetal life. The hyaloid arteiy pcr- 
siats, although iti reduced form, for a longer time than the 
smaller vessels. Upon its final degeneration it is replaced 
by a canal, the hyaloid canal, or canal of Stilling, which is 
present in adult life. 

The Middle or Vascnlar and the Outer or Fibrous 
Ttinics of the Eye.^ The oater fibrous coat of the eye, in- 
cluding the sclera and the cornea, :iikI (lie middle tnnic or 
ureal tract, comprising tlie choroid, the ciliary body, and the 
iris, arc structures of mesodermic oiigin, Iwiiig directly pni- 
duced by the mesodermic tissue aurnmudiug the optic cup. 
The richly cellular mesoderm applies itwlf to the exterior of 
the Clip and differentiates into the two layers in question, the 
changes involving on the one hand the metamorphosis of the 
mesodermic cells chiefly into muscular and vascular elements, 
and on the other hand the evolution of a tissue essentially 
fibrous in structure. These two tunicas are distinguishable 
in the sixth week. 

The cornea is formed from the thin layer of mesoderm that 
penetrates Ijetween the lens-vesicle and the surface ectoderm. 
The lens-vesicle lies very near the surface, and the thin 
stratum of mesoderm that is interposed between the two is 
the anterior layer of the lens-capsule (Fig. 148). This ante- 
rior layer thickens by the immigration of other cells and sub- 
sequently splits into two laminie, & superficial one which pro- 
duces the cornea (Fig. 148, h), and a deeper, which is uow the 
projjer anterior wall of the lens-capsule. Thus a space filled 
with fluid appears between the primitive cornea and the lens, 
which corresjKinds with the future anterior and posterior 
chambers of the eye, the division of the space into these two 
chambers being effected subsequently by the development of 
the iris. The further development of the cornea consists 
simply in the differentiation of the mesodermic cells and the 
intercellular substance into the several characterii^tic elements 
of the adult structure. 
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The uveal tract closely corresponds in extent with the two 
layers of the optic cup. The choroid is differentiated from 
that portion of this primitive uveal tract which envelops the 
pars optica of the retina. In this region the enveloping 
layer of mesodermic cells develops into the several elements 
of the choroid, the most conspicuous of which are an inner 
layer of capillary vessels, the choriocapillaris, and an outer 
layer of larger vessels, the stroma-layer of the choroid. The 
development of the choroid bears a certain relation to the 
choroidal fissure of the optic cup. This fissure has been re- 
ferred to as a gap in the under surface of the cup corre- 
sponding with the line of invagination through which the 
mesodermic tissue, of which the developing choroid is a 
part, grows into the cup to pro<luce the vitreous. Although 
normally this iissure in the retina entirely disiipj>ears, its site 
bwomes pigmented later than other regions of the pigment- 
layer of the retina, and hence there is, for a time, a clear 
streak in this part of the retina which has the appearance of 
a fissure in that membnuie. As the pigment-layer of the 
retina was fi>rmerly assigned to the choroid, this streak ap- 
peared to be a breach of continuity of the choroid ; hence the 
term v/ioroidaf fissure. In some cases, however, the choroidal 
fissure fails to (^lose, and as the development of the choroid 
is largely dependent upon or is governed by that of the 
retina there remains a corresponding gap in the choroid. 
This defect enables the sclera to be seen from the interior in 
a line extending fi)rward from the optic nerve entrance. It 
is known as coloboma of the choroid. 

The ciliary body is developed immediately in advance of 
the choroid and from the sjime laver of mesodermic tissue. 
Th(» dee {XT parts of the tissue in this region correspond with 
the plications of the ciliary part of the retina, sending proc- 
esses into and between the radial folds of this part of the 
two layers of the optic cup, with which latter the highly 
vascular mesodermic tissue acquires firm union. This results 
in the formation of the ciliary processes. Some of the cells 
of the more periphenil part of this zone are converted into 
unstriated muscular tissue, thus producing the ciliary muscle. 
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All the cliaracleristic! or important elements of the ciliary 
body are, therefore, derived from the mesoderm, wliile the 
thin layer of tissue on its inner surface, representing an 
undeveloped part of the optic cup, the pars ciliarls, is of ecto- 
derm ic origin. 

The irifl, the most anterior zone of the uveal tunic, is pro- 
duced from the same mcsodermic tract that gives rise to the 




Pio. 149.— SaglUil Bedlon tbrough ibe pje of ao embryo iiibblt of elghl«ea 
<Uy> X 30 (KGUIker)^ o, opllo n«rvv: p, heiaguiisl plement-Uyer : r, retiiu; rt, 
elllwr ptTt of tlie ivl[a>; p', fotepnrt of Ihc "[jIIc cup Irudlmcnt of the Irla-pig- 
mentj ; g. »ltrenu«, shrunk iiwaj' from Ehe retina, except where the veuela from 

Vltb epllheilam r; ]>Ti, ;>R. patpehrte: I.leui; P, leni-epltbellam; /. §Flerolfi;: n>, 
ncU mniclen. 

choroid and to the ciliary body. As stated above, soon after 
the lens-vesicle becomes constricted off from the eiirface ecto- 
derm, it is enveloped by a mass of mesodemiic eells which 
constitute its primitive capsule, and the layer of those cells 
lying between ihc lens-vesicle and the surface ectoderm splits 
into an anterior layer, which becomes the cornea, and a pos- 
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terior stratum which is the anterior wall of the lens-capsule. 
This produces a space between the lens and the cornea. The 
lens now recedes farther from the surface, and the margins 
of the optic cup advance, so that the lens now lies within 
the cup, the marginal zone of the cup being in front of the 
lens, between it and the cornea, while its equator is in close 
relation with the ciliary regions of the cup and of the uveal 
tract. Thus the space between the lens and the cornea is 
divided into an anterior compartment, the anterior cliamber, 
and a posterior space, the posterior chamber, the orifice of 
the cup being a means of communication between the two 
and representing the pupil of a later stage. The marginal 
zone of the cup furnishes the guiding line for the develoj>- 
ment of the iris. The mesodermic tissue in relation with 
the outer surface of the marginal zone of the cup differen- 
tiates into the vascular, muscular, and connective-tissue ele- 
ments of the iris proper, while its posterior pigment-layer is 
constituted by the slightly specialized layers of the most 
anterior part of the optic cup, the part that is known as the 
pars iridica retime. 

Since the anterior and posterior chambers of the eye are 
spaces hollowed out of the mesoderm, they represent a 
lymph-spaoe and are, as such, lined with endothelial cells. 

The cleft in the inferior wall of the optic cnp referred to 
above as the choroidal fissure necessiirilv affects the mar- 
ginal zone of the cup as well as the region ]>osterior to it. 
If this part of the fissure pei^sists, as it sometimes does, it 
may be accompanied by a corresponding deficiency in the 
tissues of the iris proper. Such a congenital defect, appear- 
ing as a radial cleft in the lower half of the iris, is known as 
coloboma of the iris. 

The Byelids and the I/acrimal Apparatus. — The 

eyelids are develojHMl from folds of the j>riniitive epi- 
dermis that form over th(» superficial part of the developing 
eyeball (Fig. 149, ^>^> and y><0« After the separation of the 
lens-vesicle from the surface ectinlerm, the latter j>ouehes 
out into two little transverse folds for the upper and lower 
lids respectively. Each fold includes a certain (piantity of 
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mesodermic tissue, from wliicli are prodiice<l the connective- 
tissue element* of the liils, as tlie titi'Hul plates, etc. After 
the folds attain to u certaiD degree of development their 
edges approach each other and become adherent, thus enclos- 
ing a space between the primitive lids and the front of the 
eyeball. The infolded ectodennic lajrers lining this s|]acti 
acquire the characterifitic ieuturcs cf mucous membrane and 
constitute the epitheliiun of the coiyuiictiva, the part of this 
membrane that covers Ihe cornea adhering closely to that 
etrueture as its anterior epithelial layer. The imion of the 
edges of the lids In-gius in the thinl month and lasta uutil 
near tlie close of fetal life. A short time before birth the 
permauont palpebral flasnie begins to form by the breaking 
down of the adhesions. 

X part of the mesodermic tissue of the lida undergoes con- 
version into fibrous connective tissue, thus producing the 
taxsal plates of the upper and lower lids, with the palpebral 
&scia and tarsal ligaments by which the plates are attached 
to the margins of the orbit. 

During the (leriod when the edges of tlie lida are adherent, 
the Ueibomian glands and the eye-laalies are formed. The 
glands develop from solid conis of epithelial cells that grow 
from the deepest or Malpighian layer of the primitive epi- 
dermis into the tarsal plates. The curds become hollow 
tubes by degeneration of their central cells. 

In addition to the two principal folds that produce the 
lids, a third, vertical fold appears at the inner, nasal side of 
the conjunctival space, beneath the lids. This fold remains 
quite small in man and forms the plica semilDnariH, but in 
most other vertebrates it attains much greater size as the 
third eyelid or nictitating membrane. A small part of this 
thii-d fold develops sebaceous glands and a few hair-follicles 
and heoonies the lacrimal caruncle. 

The lacrimal gland is developed in the same manner as 
die Meibomian glands, by the growth of solid epithelial 
cords from the conjunctiva. The cords grow into the under- 
lying mesoderm at the outer part of the line of reflection of 
the conjunctiva from the inner surface of the upper lid to the 
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front of the eyeball. The cords acquire hitcrul branches and 
then become hollowed out to form the secreting tubules and 
efferent ducts of the gland, the connective-tissue stroma of 
which ia contributed by the surrounding mcsmlcrniie tissue. 
The orifices of the adult efferent ducts in the upjwr outer 
piirt of the conjunctival sac correspond with the ptiinta from 
which tJie primitive cell-cords first grow forth, 

Tlie efferent lacrimal apparatus, consisting of the nasal 
or lacrimal duct and the canaliculi, ia related genetically 
to tiie growth of the nose and the upjter jaw. Boon after 
the apiiearance of the nasofrontal pnicess, a lateral projec- 
tion, the lateral naaal process, grows from its side near the 
basic and advances downward so as to form the outer bound- 
ary of the nasal pit and consequently of the futui-e nostril 
(Fig. 66, A, B), Thia lateral nasal process is separated from 
the maxillary process of the first visceral areh by an oblique 
furrow, the naso-optdc gToove, which extends from the inner 
angle of the orbit to the outer side of the nostril, or, before 
the separation of the nasal pit from the primitive mouth, to 
the upper boundary of the latter orifice. The naso-oplic 
groove indii^tes the situation of the lacrimal duct. By 
some authorities — Coste and Kolliker — it is believed that 
the duct results from the union of the edges of the groove. 
Later investigations seem to indicate, however, that the 
duct is formed by the hollowing out of a solid cord of epi- 
thelial cells that appears at the bottom of the furrow. In 
either case the epithelial lining of the duct is an ecto<]ermic 
involution. When the nostrils are separated from the oral 
aperture by the union of the nasofrontal, the lateral nasal, 
and the maxillary processes (p. 121), the lower end of the 
farrow is obliterated, and the partially formed duct is made 
to terminate in the nasal cavity. 

The canaliculi, representing the bifurcated upper extrem- 
ity of the duct, result, according tfi one view, from the 
division of the upjver end of the epithelial cord into two 
limbs, one for each lid, and their subsequent hollowing-oilt ; 
according to anotlier, from the continuation of the cell-cord 
into the upper lid and the Inter addititm of a limb for the 
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canaliculus of the lower lid. Tin; lacrimal sac 19 morcly an 
expanded part of the duct. 

THE DEVELOPMENT OP THE GROAN OF HEARINQ. 

As in the ca,se of the other sense-organs, tho auditory 
appaiatos consists of liigldy spocializi-il neuro-epitbelium, 
connected by nerve-flbers und interpolated ganglia will) Ihc 
coiitnil nervous HVHtem, and of protective and auxiliary 
structures. Tlie neuro-epithelial structurofi, including the 
OT^n of Corii and the cells of the cristje and imiculaj 
aciisticie, result frotn the specialiaition of certain of the 
epithelial cells which line the membranoua labyrinth. The 
perilymphatic space, which is a lymph-space, together with 
its bony walls, the a**e(Hi8 labyrinth, serve for the proteo- 




Flo. 150.— Three tranavenw iwHoiis shciwfng deTulopment of otic vesicle of 
huiDui embryii ITuiirneinl : A. from umbryo of :i mm.. >biiwttig •udilury pH; B,. 
tromambiyooT 4 mm., ihowing tlie tranBrormiiliop oflhe pit Inlo (he oUc vesicle; 
C, fhim cnibryn of mm., itioirliig ollc vealcle di-Iached From lur&ce ectoderm, 
ftnd presenting a puilerioi diverticulum, the nccHut rnllbull. 



lion of the delicate neural elements, while the middle ear 
and the external ear act as media for the conduction of 
sonorous vibrations. 

The internal ear being the essential jiart of the organ of 
hearing and being also the part first formed may properly 
receive first consideration. 

The Internal Bar. — The membranous labyrinth of the 
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internal ear is the oldest part of the oi^n of hearing. Its 
origin ia from a thickened circular patcli of ectoderm on the 
dorsolateral surface of the head-region of the embryo near 
the dorsal termination of the first outer visceral furrow. The 
thickened area sinks below the surface, forming thna the 
auditory pit, which ig present in the third week (Fig. 150,^). 
The pit becotuea deeper, its etlges approach each other and 
finally meet and unite to form the otic resicle or otocTst. 
This little epithelial sac gradually recedes from the surface 
ectoderm. At this stage of devel()pment there is no cranial 
capsule other than the indifferent mcsodermic tissue which 
surrounds the brain-vesicles; hence, the otic vesicle, em- 




thbI acmlrlrcular unali ; 

Intiyrintli iirvmbryo ufnbuutflvc weeks. 
l>rifci!inR flinirt. 



bedded in this tissue, lies in close proximity to the after- 
brain, and comes into relation with the aousticofacial gan- 
glion (p. 297), The vesicle, at first spherical, soon becomes 
pear-shajied owing to the protrusion of its dorsal wiill. This 
dorsal projection, the recessna Tflstibuli or labTrintM (Fig. 
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150, G)j IcDgthens out into a slentler tii)>e, the dnctns endo- 
l3rmphaticus (Fig. ir>2), the slightly dilated end of which, 
the saccns endolymphaticus, is fuucd in the adult occupjiiig 
the aquediictiiM vc-.stiliiili of the temporal bone. 

The opposite, antLTior or ventral extremity of the otic 
vesicle also bnlges out into a snaall evagination, which grad- 
ually elongates until it is a tapering tube, slightly curved 
inward toward the median plane. This lengthens still more 
and becomes spirally coiled, fwrniiiig the cochlear dnct or 
scala media ol' the jiitiire cocblea (Fig. 152). The vesicle 
itself becomes constricted in such manner by an inward pro- 
jection of its wall as to indicate its division into an iipi»er 
larger and a lower smaller sac, the terms upper and lower 
referring respectively to the head-end and the tail-end of the 
embryonic body. Before the constriction oeciirs, the wall 
of that part of the vesicle which is to liecome the future 
upj>er or utricular diris&n pre.sents two pouched-out areiis 
(Fig. 151, B). One of th^ gives rise to the external semi- 
circular canal, wliile from the other are formed the superior 
and posterior canals. The pouL^h that produces the external 
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canal is semicircular in form and flat, lying iu the horizon- 
tal plane, its upper and lower walls being in contact with 
each other. The opposed walls fuse, except at the periphery 
of the pocket, and hence all that remains of its cavity is a 
small marginal tube or channel, contsponding with its bor- 
der and ojjening at each end into the cavity of the vesicle. 
Throughout the region of fusion of the walls, tlie latter be- 
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come thin and finally disappear, being replaced by connec- 
tive tissue. Thua a semicircular epithelial tube is formed, 
which in the horizontal or external semicircular canal. One 
end of the tub*; being dilated, the ampulla of the canal is 
prinluced. 

The Buperior and posterior seinlcircalar canals are formed 
in a somewiiat similar manner by the other evaginated 
pouch or pijL'ket, which Is irregularly globular. To pro- 
duce this result, the walls of the pocket contract adhe- 
siona throughout two regious, which correfipond with the 
respective epaces enclosed by each of the two future canals 
in question. The fusion of the walls takes place in such 
manner as to leave two narrow channels or tubes, one of 
which almost encircles the inner or mesial aspect of the 
pocket, while the other bears the same relation to its poste- 
rior wall, the inner limb of the latter semicircle coinciding 
with the posterior limb of the former. The result of this 
arrangement is that two vertical semicircular canals are 
formed with their planes at right angles to each other, tlie 
two communicating with the otic vesicle by three openings, 
one of which is common to both ciinals. The other two 
apertures, being dilated, are the anpullatad individual ori- 
fices of the posterior and superior canals. 

The constriction in the otic ve.'sicle referred to above in- 
creases until this sac is diviciefl into two parts, a larger, 
which includes the region from which the semicircular 
canals have developed and which is now the utricle, and a 
smaller vesicle, the saccule, comprising the part from which 
the cochlear duct was evaginated (Fig. 152). The line of 
division coincides with the middle of the orifice of the ductus 
endolymphaticua, the proximal end of which participates in 
the division. Thus the ductus endolymphaticus becomes a 
Y-sha^ied tube, and affords the only bond of connection be- 
tween the saccule and the utricle (Fig. 162). 

The beginning of the cochlear duct, failing to keep ]iaoe 
in growth with the other parts, appears as a smaller tube 
relatively, and is known as the canalis reaniena (Fig. 152> 
cr). 
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The structures so f;ir eoiisinJercd — tlic utricle, the saccale, 
the semicircular caoaJs, and the cocUear duct — Iwiiig the proil- 
uet of the ectcitlermie otie vesicle, represent simply the adult 
epithelial linings of tho^e eavities. The fibrous layer of the 
membranous labyrinth, in common with the waib of the bony 
labyrinth, is a produet of the euvetoping mesodermic tissue. 
While the cells of the otic vesicle thus for the most part con- 
stitute the walls of the several sacs and canals of the primi- 
tive internal ear, tome of the cells specialize into neuro-api- 
thelinm. The most marked specialization of this sort occurs 
in the cochlear duct, where most of the cells on that wall of 
the duct which may be culled its floor — the part correspond- 
ing to the future membrana basilaris — undergo sueh profound 
modification in form as to produce the most highly special- 
ized ueuro-epitheltal cells anywhere to be found, the eleraenta 
that, constitute tiie organ of Oorti. 

In the utricle and the saccule, as well as in the ampullie 
of the semicircular canals, there is a similar but less marked 
specialization of epithelial cells to produce in the former ease 
the macula acusticee, and in the latter, the cristie acusticee of 
the ampullte. While, therefore, the cells of the otie vesicle 
which are to serve as the lining mucous membrane of the 
membranous labyrinth become flattened polyhedral cells 
arranged as a single layer, those cells which are to function- 
ate as the peripheral })art of the acoustic mechanism become 
the specially modified columnar cells, many of them with 
ciliura-Iike appendages, of the maculie, the cristie, and of the 
organ of Corti. 

From the first the otic vesicle lies in close relation with 
the acustlcofacial ganglion (Fig. 151, B). As pointed out 
in a preceding chapter (p. 297), this ganglion subsequently 
divides Into two parts, correspond iiig with the two divisions 
of the auditor}' nerve. This division of the ganglion and of 
the nerve is correlated with the separation of the otic vesicle 
into a cochlear part, the cochlear duct, anil the two vestibiihir 
vesicles, the saccule and the utricle. AVhile the cochlear duet 
is still a short, slightly curved tul)e, the cochlear part of the 
ganglion lies in close proximity to the tube, in the concavity 
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on its inner side. As the duet lengthens and becomes more 
coiled, the ganglion likewise lengthens into a band which 
follows the spiral course of the duct, lying parallel with the 
latter and on the side toward the axis about which it is 
coiled. After the formation of the bony part« of the cochlea, 
this ganglion occupies the spiral canal of the modiolus and 
is known as the ganglion spirale. It belongs to the cochlear 
division of the auditory nerve, which is distributed to the 
cochlea. 

The remaining part of the acoustic ganglion becomes rather 
widely separated from the spiral ganglion, coming to occupy 
a position in the internal auditory meatus, and the part of the 
auditory nerve with which it is connected acquires relation 
with the macular regions of the utricle and saccule as well as 
with the crista) of the ampulhe of the semicircular canals. 
These nerve-fibers constitute the vestibular division of the 
auditory nerve, while the ganglion is the vestibular ganglion 
or intumescentia ganglioformis of Si'arpa. 

The development of the bony labyrinth of the internal ear, 
as well as of the connective-tissue parts of the membranous 
labyrinth, is effected solely by the diffrrentiation of the meso- 
dermic tissue which surrounds the epithelial structures above 
considered. As previously stated, at the time when the otic 
vesicle is first formed there is no indication of a cranial cap- 
sule, the brain- vesicles being surrounded and separated from 
the ectmlerm by indiff'erent mesoderm ic cells. During the 
progress of the alteniti(ms in the otic vesicle, this tissue 
undergoes condensation and alteration to form the mem- 
branous primordial cranium, and shortly thereafter the 
petrous portion of the temporal bone is outlined in cartilage 
by the further specialization of a portion of this primitive 
connective tissue. The formation of cartilage does not affect 
all of the tissue which is afterward represented by the 
jK'trosa, the region that borders the semicircular canals, 
the cochlear duct, the saccule, and the utricle remaining soft 
embrj'onal connective tissue. There is thus a cartilaginous 
ear-capsule produced which is more than large enough to 
contain the primitive epithelial labyrinth, and the walls of 
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which are separateJ from the latter by embryonal connoctive 
tissue. 

The bony semldrcnUr c&n&Is are almost exact reproduc- 
tions, on u larger scale, of the epithelial canals, and they are 
formed by the ossification of the cartilaginous petrosa. Even 
before this ossification occurs the soft connective tissue 
between the cartilage and the epithelial semicircular canals 
diffcrentiateH into three layers. The inner layer, becoming 
more condensed, is converted into fibrous tissue, and, adher- 
ing to the epithelial walls of tlie canals, furnishes the con- 
nective-tissue component of the completed membranous 
canals. Its blood-vessels serve for the nutrition of the 
canals. The outer layer also- undergoes condensation and 
forms a tibrova.scular membrane, the perichondrliim, which 
later becomes the internal perioatenm of the Iwny canals. 
The middle layer, on the conlrtiry, bei^onies softer — by the 
liquefaction of the intercellular substance and the degenera- 
tion of the cells — so that gradually increasiug, fluid-filled 
cavities make their appearance, and these latter becoming 
larger and many of them eoaleacing, a space is formed 
around the membmnoiis cauals which is filled with fluid, the 
perilymph. Thi^ perilymphatic space is bridged across at 
intervals by connective-tissue pnweases that serve for the 
cimveyanee of bloo<l- vessels to the membranous canals. 

The Testibule of the internal ear is formed in practically 
the same manner as the bony semiciri'ular canals, the epi- 
thelial saccule and utricle acquiring their connective- tissue 
constituents in the same way. There is the difference, how- 
ever, that the bony vestibule does not conform to the shape 
of the vestibular parts of the membranous labyrinth, siuce 
it is a single undivided cavity enclosing the two little ves- 
icles, the saccule and the utricle. 

The bony cochlea, while develojied upon the same general 
plan as the other j»arts of the I)ony labyrinth, presents cer- 
tain conspicuous modifications. The epithelial cochlear duct, 
as stated above, in its early stage is a short, tapering, and 
slightly curved tube. While it is still in this condition, 
chondrification of the petrous bone <)Cfurs, whereby the 



328 TEXT-BOOK OF EMBRYOLOaY. 

duct acquires its cartllagiaona capsnle (Fig. 153, kk). This 
capsule iti npoii at the pni.^imal cnil of the duct and 
through this oiKtiiing the cochlear hraiichoii of the audi- 
tor)- nerve gain accf-ss to the cai>snle, Ircing connwted with 
the cochlear division of the auditory ganglion, which, owiog 
to its previously having assumed a position l>cside the duct, 
comes to be enclosed by the capsule as the latter is formed 
(Fig. 153, n<", yp)- It is only after the chondri Heat ion 
tJiat the cochlear duct lengthens out atid becomea spirally 
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coilo<l. The ooiiinf; is in such maniKT that tlie cochlear 
nerve is .siirnmudwl by the duct — that is, it lies iu the axis 
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about which the duct is spirally wound. Within the carti- 
laginous capsule, tilling all the space nut occupied by the 
spirally coiled duct and the cochlear nerve with its length- 
ened-out ganglion, is the emliryonic connective tissue of 
which formerly the entire cartilaginous petrosa consisted. 
The cochlea consists now of a Bpimlly coiled epithelial tnlie 
lying within an elongated cavity in the cartilaginous petrosa, 
a cavity, the walls of which are, therefore, cartilaginous. 
The peripheral wall of the coiled tube is in contact with the 
inner surface of the wall of the cjirtilaginous capsule (Fig. 
153, x), a fact which has an important bearing upon the 
further stages of growth. 

The embryonal connective tissue within the capsule now 
undergoes important mod ifieut ions, which vary greatly In dif- 
ferent regions. That portion of this tissue which immediately 
envelopes the cochlear nerve becomes first dense connective 
tissue, which is afterward directly converted into hone, con- 
stituting the modiolos, or axi)*, of the cochlea. The proc- 
esses of condensation and subsequent ossification extend 
outward from the modiolus in a spiral line, which corresponds 
with the intervals between the successive turns of the coch- 
lear duct, until they meet the wall of the original capsule, 
tlins producing the bony cochlea. That is, by the develop- 
ment of this spiral plate and its connection internally with 
the modiolus and exttirnnlly with the wall of the capsule, a 
tulie at first partly membranous and partly cartilaginous, 
and at a later stage osseous, is produced, which encloses the 
much smaller cochlear duct, and like it is wound spirally 
around the modiolus. To repeat, the original simple cavUy 
of the cartilaginous ca|)sule is subdivided by the growth of 
the modiolus and of the spiral shelf in such manner as to 
become a sjiimVii coiled tube. 

The cochlear nerve, enclosed within the coil of the coch- 
lear duct, sends branches (Fig. 153, N) in a continuout^ 
spiral line to the duct, and the soft tissue surrounding and 
supjwrtiug these branches condenses to form a connective- 
tisane plate which estends outward from the mmliolns to 
the cochlear duet and which, therefore, has a spiral course 
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about the modiolus, its entire inner edge being attached 
to that central axis, while its outer border is, throughout 
its entire extent, in continuity with the inner wall of the 
duct. At a later stage this spiral plate undergoes direct os- 
sification to form the two lamellse of the bony lamina spiralis. 
Thus it is that the ganglion spirale and the successive ter- 
minal branches of the cochlear nerve come to be enclosed 
within the spiral lamina. Recalling the condition of the 
cochlea before the growth of the spiral lamina, it will be seen 
that the latter, in connection with the epithelial cochlear duct, 
divides the tube into two parts (Fig. 153, 8Vy ST). It 
will be evident, too, that the epithelial cochlear duct now 
holds a relation to the larger tube of the future bony cochlea 
which is similar iu principle to the relation of the mem- 
branous semicircular canals to the bony canals, but with 
the difference that the outer wall of the epithelial duct is in 
close contact with the outer wall of the future bony canal 
at .r, and that tlnj inner walls of the two are connected by a 
spiral plate, the lamina spiralis. 

The cochlear duct, then, is surrounded by undifferentiated 
mesodermic tissue, except on the side farthest from the 
modiolus, where its wall is in contact with and finally 
adheres to the wall of the cartilaginous capsule. The lamina 
spiralis divides this tissue into two parts which resi)ectively 
occupy the positions of the future scala vestibuli and scala 
tympani. This soft embryonal tissue, as in the case of the 
corresponding tissue of the semicircular canals, develops dif- 
ferently in di fife rent regions. The innermost stratum, which is 
in relation with the epithelial cochlear duct, becomes fibrous 
connective tissue and constitutes the fibrous layer of the adult 
cochlear duet ; that is, on the side of the duct toward the 
scala tj'mpani, it becomes the connective-tissue layer of the 
membrana basilaris, while on the side toward the scala ves- 
tibuli it forms the fibrous stratum of the membrane of Beiss- 
ner (Fig. 153). The peripheral zone of indifferent tissue, 
that in contact with the now cartilaginous wall of the future 
bony cochlea, as well as that which lies against the lamina 
spiralis, also undergoes condensation and forms a fibrous, 
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or fi I) ro vascular, membrane, the internal perichondrium or 
future periosteum. The tissue intervening between theae 
two layers retrogrades, the ceiis degeiicraliug and the !nt«r- 
eeJlidar substaiiee liquefjHng, until tiiially the spaces known as 
tJie scala Testiboli and the scala tympani are hollo^vcd out. 
These ehannels are lymith-sjtaces and tlie fluid tliey contain 
is the perilymph. Tliis perilymphatic apace is in eommuni- 
cation with that of the vestibule. Tlierefore, while the coch- 
lear duct or scala media euuloscs an epitheliom-lined space, 
as do the saccide, the utricle, and the niembranou.'s semi- 
circular tMuals, and in common with those structures eon- 
tains the so-called endolympli, the seula vestibidi and the 
smla tyiniiaiii are in the Hume category with the perilym- 
phatic spaces of the other parts of the internal ear. 

The Middle and the External Ear,— The middle ear. 
consisting of the tympanic cavity and the Eustachian tube, 
is develo|)ed from the bacrk j^jiirt or dorsal end of the flrst 
inner visceral ftirrow. The external ear, comprising the ex- 
ternal auditory meatus and the auricle, comes from the dor- 
sal extremity of the first outer furrow and the tissue about 
its margins, the tympanic membrane representing in part the 
closing membrane which separates the inner furrow from the 
outer. 

The first inner visceral furrow, in common with the 
other inner furrows, is an evagination of the lateral wall 
of the primitive pharyngeal cavity, or head-end of the gnt- 
tract. The ventral end of this groove suffers obliteration, 
but the dorsal segment, ilesignated the tnbotympanic ani- 
ens, becomes converted into a, tube by the growing together 
of its edges. The tube is composed therefore of entodermio 
epithelial cells. It elongates in the dorsal and outward 
direction, and its dorsal extremity become^ enlarge<l to prf>- 
duce the <!avity of the tympanum, the remaining part of the 
canal becoming the epithelial lining of the Eustachian tube. 
The canal being formeti before the development of the 
cranium, and approximately its posterior half t>cing sur- 
rotmded by the mesodermic embryonal connective tissue 
that afterward becomes the petrosa of the tenipond bone, the 
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tympanic cavity and a part of the Eustachian tube come to 
be enclosed within that lx)ne, while the connective tissue 
encasing the anterior part of the tube differentiates into the 
curved plate of cartilage that forms the cartilaginous part of 
the Eustachian tabe. 

Since the posterior end of the primitive epithelial tube 
insinuates itself between the otic vesicle and the surface, 
the tympanum comes to occupy its normal jK)sition on the 
outer side of the internal ear. The tympanum, being de- 
rived from the back part of the first visceral cleft, is in 
close relation with the first and second visceral arches, and 
the ossicles of the middle ear are derived from the dorsal 
extremities of the cartilaginous bars of these arches in the 
manner described in Chapter XVIII. Necessarily the 
primitive ossicles are exterior to the primitive epithelial 
tympanic sac, as is also the chorda tympani nerve, which 
passes along its outer side. After the ossification of the 
temporal bone, these structures are embedded within the 
abundant soft connective tissue which is between the epi- 
thelial sac, now the mucous membrane, and the bony walls 
of the tympanum. This mass of soft tissue undergoes very 
considerable diminution, owing to which the mucous mem- 
brane comes into contact with the bony walls, and as a result 
the ossicles and the chorda tympani are enclosed in folds of 
the mucous membrane and seem to lie within the tympanic 
cavity. They are excluded, however, from the true cavity 
of the tympanum, since they are exterior to the epithelial or 
mucous-membrane laver. 

The external auditory meatus is simply the |>ersistent i)os- 
terior part of the first outer visceral furrow or hyoman- 
dibular cleft (sec pp. 101, 105), this cleft closing completely 
everywhere but in this region. The closing plate of the first 
cleft becomes the tympanic membrane. Hence the outer 
layer of this membrane is of ectodermic origin, while the 
inner layer is entodermic, being continuous with the epi- 
thelial tymiKinic lining, and the middle fibrous layer is 
derived from the mes(xlerm. The relation of the malleus to 
the membrane and of the latter to the bony tympanic plate 
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which forms part of the wall of the meatus is dealt with in 
the chapter on the development of the skeleton. 

The auricle is derived from the tissue around the margin 
of the unclosed Itack part of the first outer cleft (Fig. 155, C). 
Six little elevations makethoir appearance here, the projections 
being raesoderraic tissue covered with ectotJerm. The raeso- 
dermic component of the elevations differentiates into the 
cartilaginous and other connective-tissue parts of the auricle. 
The nodules markinl 2 and 3 in Fig. 154 becoming a continu- 
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OUK ridge, produce the belix, while nodule 4 becomes the antl- 
heliz. The tragus and antitraguB develop respectively from 
the projections 1 and 5. At the end of the second month, 
these parts are so far advanced as to be easily distinguish- 
able, and the connective-tissue ba^is of the ridges and pro- 
jections and the continuous plate-llke mass to which they 
all are attached begin to undergo chondrifi cation. From 
the third month onward, this primitive auricle, by continued 
growth and greater separation from tlie side of the head, 
assumes more and more the characters of the fully formed 
member. The lobnle, however, which results from the 
gn>wth of the little elevation marked 6, lags behind the 
other parts in development and is rather indistinct until the 
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fifth months after which time it increases in size and gradu- 
ally acquires its normal proportions. 



THE DEVELOPMENT OF THE NOSE. 

The nose is primarily a special sense-organ, although a 
part of its cavity serves, in air-breathing vertebrates, as an 
adjunct to the respiratory system. The evolution of the 
mature organ of smell may be epitomized by the statement 
that the olfactory epithelium, the essential part of this sense- 
organ, is a patch of depressed or infolded ectoderm, the cells 
of which are highly specialized and are brought into relation 
with the central nervous system by means of the outgrowth 
from the latter of a part of its mass, the olfactory lobe. 

Very early in intra-uterine life — before the end of the 
third week — the olfactory plates appi^ar as localized thicken- 
ings of the ectoderm situated just in front of or above the 
oral fossa. These nasal areas are the forerunners of the 
future olfactory epithelium. It is worthy of note that the 
olfactory plates are in very close relation with the primarj' 
fore-brain vesicle, being, in reality, on the outer surface of 
the ectodermic covering of its ventral wall. 

0>ving to the rapid outgrowth of the surrounding tissue, 
the olfactory plates become relatively depressed, constituting 
now the nasal pits, which are distinguishable at about the 
twenty-eighth day. The pits are separated from each other by 
a broad mass of tissue, the nasal or nasofrontal process (Fig. 
155), which is, as it were, a localized thickening of the meso- 
derinic tissue on the ventral wall of the primary fore-brain ves- 
icle ; and this process makes its ap})earance in the third week. 
During the fifth week the nasofrontal pnn^ess thickens greatly 
along its lateral margins, the thick edges Innng known as the 
globular processes (Fig. 155, A, B). At the same time the 
lateral nasal processes bud out from the nasofrontal process, 
one on each side, above the nasal pits, and, growing down- 
ward, form the external boundaries of the pits, each of which 
depressions is bounded on its inner side by the corresponding 
globular process. The nasal pits, therefore, have well-marked 
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walla on every side except below, where they are directly 
continuous with the oral fossa. 

In the latter enil of the sixth week the nasofrontal proe- 
esB, which, it will be remembered, constitutes the upper 
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limit of the oral fossa, is joined on each side by the united 
maxillary, and lateral nasal, processes. This effects a divis- 
ion between the oral foaaa and the na^al pits, and forms, 
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though as yet crudely, the external nose, and the upper lip 
as Wfll, The definite formation of the external nose may be 
said to be indicated about the eii/hlh week. The orifices of 
the nanal pits are now the anterior naru, while the pits them- 
selves have become short canals, o[K-ning by their deep 
onfices, the posterior nares, into the primitive mouth-cavity 
above the palatal slielve^. The nan-s are separated from 
each other by the still broad nasofrontal process. Tluit 
portion of the nasofrontal process that separates the nares 
gradually becomes thinner and produces the septum of the 
nose, while its external or superficial part gives rise to the 
bridge and tip of the oi^n. 

The growth of the palate-shelves (Fig. 156) toward the 
median line, resulting in their union with each other and 




with the recently-formed s<ptiim, di'finilcly divides the nasal 
chambers fnim the cavity of tlie mouth, the posterior nares 
now opening into the pharynx. This separation is completed 
tow:irti the end of the thini month. 

The complexity of the adult nasal cavities is produced by 
llie formation of ridges niid [HHiches on tlie lateral walls of 
the original nasal pils. Three iiiwunlly ]»mjecling horizontal 
folds of the ectodcrmic lining of the cavity, the superior, mid- 
dle, and inferior turbinal folds, np|K>ar ujxm the outer wall of 
each nasal fossa (Fig. 1 57). Each fold contains a stratum 
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of mesoderraic tissue which dcvelopa into t«rtilagc anil siib- 
seqiiently into hone, forming respwtivt'ly tlic tliree tniliiiiated 
bones. The cartilaginous character of thetic fold» hccomes 
apparent at the end t)f the second, or the early part of the 
third, month. An evagination on the lateral wall of each 




Fio. IBT.— CroM-eectlon thruogh the tesd of an cmtiryi I'lg M cm. (1.2 In.) long, 
ciovrn-ninip meuunimcnt. The nnul mvilLes arc sorn to b« lu oomniDDli-ation 
with the oral cavity at the plnccs dcaliTiateil 1>y a *: K. CRrtllago of the niuBliie[>- 
tam; n, turblnmLcuilllA^; J, or^n of jBcr>b«oi); J', the plHce wh4?rc it opeliB Into 
the nauil cavity: afi palatal pmcesa; of. maxillary procets: tl, dcotsl rlilge 
(Hcnwig). 

nasnl foss-a, between the middle and (he inferior turbinal proc- 
esses, becomes the antmm of Higlunore; this is formed in 
the sixth month. Other evaginations pri>dnce the ethmoidal, 
the frontal, and the sphenoidal simiHes, the last two of which 
are not completed, however, until after birth. Very early iu 
the development of the nose a small invagination appears on 
the m{>sial wall of the na.sal pit. In the fourth month of 
gestation this invagination has become a c^nal in the septum 
(Fig. 157, J)y running from before backward and ending in 
a blind extremity. It is the so-called organ of Jacobaon, 
which, in man, is merely a rudimentary structure, but which, 
in most other mammals, is more highly developed, being 
surrounded by a cartilaginous capsule and receiving a special 
nerve-supply from the olfactory nerve. 

The olfactory plates become separated from the fore-brain 
vesicle and eon.seiiuently from the later brain and its out- 
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growth, the olfactory bulb, by the development of an inter- 
vening bony plate, the cribriform lamina of the ethmoid 
bone. The ectodermic cells of the olfactory plates differenti- 
ate into the highly specialized neuro-epithelial elements of the 
olfactory mucous membrane and their associated sapporting 
cells. The neurits of the neuro-epithelial cells, assuming re- 
lationship with the glomeruli of the olfactory bulb, constitute 
the olfactory nerve-fibers. 

The external nose, as previously stated, first acquires defi- 
nite form about the eighth week by the union of the distal 
ends of the lateral nasal processes with the nasofrontal proc- 
ess, the former producing the ate and the latter the bridge 
and the tip of the nose. In the third month the organ is 
unduly flat and broad, but from this time on it gradually 
assumes the familiar characteristic form. From the third 
month to the fifth each external naris is closed by a gelat- 
inous plug of epithelial cells. 



CHAPTER XVII. 
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THE DEVELOPMENT OF THE MUSCULAR SYSTEM. 
THE STRIATED OR VOLUNTARY MUSCLES. 

TUE voluntary muscular system, genetically considered, is 
divisible into(l) thf iiuiMplesof tlie trunk and (2) those of the 
extremities. Tlie muscles of the trunk include two distinct 
sets : (a) the muscles of the trunk proper, or the skeletal 
mnscles, and (b) the muscles of the visceral arches or the 
branchial muscles. 

To arrive at a proper comprehension of the evolution of 
the muscular system it is necessary to revert to an imiwrtant 
fundamental embryological 'process, the segmentation of the 
body of the embryo, or, as it ia sometimes expreBsed, the seg- 
mentation of the cotiom, or body-cavity. As jwinted out in 
Chapter IV., this process of segmentation occurs in all ver- 
tebrate animals aud in some invertebrates. 

The Mtiscles of the Tnink Proper. — At a very early 
stage of development the tract.s of mesoderraic tissue situated 
one on each side of the median longitudinal axis of the future 
embryonic body, the pamxiul mesoderraic tracts, undergo 
division or segmentation, in lines transverse to the long 
axis, into a series of pairs of irregularly cubical masses 
of mesoderniic cells. These masses are the meBoblwtlc 
Bomites or primitiTe segments, often iuappnipriately called 
the protovertebne. The somite first formed corresponds 
with the future occipital region, the second one lies immedi- 
ately in front of the first, while two others, situated still 
more anteriorly, that is, near the cephalic end of 4he embrj-- 
onic area, and seTen more, behind the first, are added almost 
simultaneously. The formation of the primitive segments 
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then proceeds tailward until a considerable number have 
been added. Those in fnmt of the one first formed are 
denominated the head-segments, while the othere are known 
as the tnmk-segments. Eiicli somite is at first triangular in 
cross-section, the baae of tin; triangle looking toward the 
chorda dorsalis. Subsequently they aggunie a more cuboidal 
shape. In the lower vertebrates — amphibians and fishes — 
the aumite ia hollow, its cavity being in these ca^^es a con- 
stricted-otf portion of the body-cavity (hence the term " seg- 
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Rd. laS.— Crou-«ecllan through (he roslon of tile proncphrot of i selacblui 
embtyo In which Ihe muicle-aeKinenU (myotomei) ImpI mre til proccu uf IwlnB 
Conttricled ott. DIsRram (niter W^he): nr, neural tubr: rfi, chonlB; no, Boris: 
tth. iiibnoloctinnlBl tod; mp, muHle-plHte of the primitive aefrmenl: w, mnc nf 
fTowth where tho mii!»3le-|rfne bencb «r(iudd ftilo the ciitla.pliM itp) ; t*. Iracl 
connetllng the prlinitlvB aegmeni wllh the body-cttvlly, oulof whloh tm devel- 
oped, among other things. Ihe mesonepbric tubuln : ik. akeletogcnoiu tlnos 
H'hi(>h nrlsea b)- « proll rernlion IVom the mHian wall of the coiinei'llng tmrteA.' 
™, pronephnw; mt', mf, p«riKt«l mid Tisreml mlrtdie tajer, froni whose wnlts 
mesenchyme Is duvcli'ped; l», Uidj-eBvil)'; i' 



mentation of the welom" to express this process). In the 
higher vertebrates, however, the cavity is obliterated by the 
encroachment of the cells of the walls of the somite. 

The cells of the somites soon undergo differentiation and 
rearrangement. It is usually stated that, preparatory to the 
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segmentntion of the paraxial megodermic tract, this tract has 
Iwcume separated from the remaining lateral plate of the 
mesDiienii. The separation is not complete, however, and 
therefore, after the appearance of the primitive segmeots, 
each segment is connected with the more laterally placed 
lateral plate — by the suparatiun of whioh latter Into two 
lamellm the cceloni h formed — by a smaller mass of tissue, 
the nephrotome, alrio called the middle plat«, or Intermediate 
CQll-masB (Fig. 158, vli). Aa development progresses the dis- 
tinction between the primitive segment proper and the ueph- 
rotomo becomes more sharply expressed, and the former is 
designated the myotome. The primitive segment on its me- 
sial surface, near the point of union with the nephrotome, 
sends forth cells which form a mass called the sclerotome 
(Fig. 158, si). The sclerotomes spread out and blend with 
each other, forming a continuous mass of tissue which envel- 
ops the chorda and the neural canal, and which, being con- 
cerned in the production of the permanent vertebrae, has no 
further interest in this connection. 

What remains of the primitive segment afler the forma- 
tion of the nephrotome and of the sclerotome is the myotome 
proper or the mtiBcle-plflte. Although, as previously stat«d, 
the primitive segments of the higher vertebrates contain no 
cavity, the myotome and the nephrotome each enclose a 
space, that belonging to the former being known as the 
myociBl. The myotomes or muscle-plates are so called be- 
cause they give rise to the voluntary musculature of the 
trunk. But not all of the cells of the muscle-plate undei^o 
transformation into mnseular tissue. While the cells on the 
mesial or chonial side of the myoctel are going through 
certain alterations preparatory to their metamorphosis, the 
cells nearer the body-wall become rearranged to form a 
characteristic layer which is known as the cntis-plate iivtm 
the fact that it contributes to the formation of the corium ol' 
the skin (Fig, 158, cp). The cutis-plate and the remaining 
part of the muecle-plate are continuous around the myocoel, 
the transition from one to the other being more or less grad- 
ual. To summarize, the primitive segment is differentiated 
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into the nephrotome, the sclerotome, the myotome or mnscle- 
plate, and the cutis-plate. 

The Metamorphosis of the Mnscle-plate. — By the 
term mxisck-plate is meant here the thick('ne<l layer of cells 
on the chorda) or mesial Kitle of the myotome proper, which 
layer constitutes what remains of the myotome after the 
differentiutton of the cutis-plate. Tliese cells having pro- 
liferated and increased in size, and having encroached 
thereby upwn the cavity of the myotome, next undergo 
alteration in shape, becoming cylindrical, with their long axes 
parallel with that of the Iwdy of the embryo. The length 
of each cylindrical cell equals the thickness of the prim- 
itive segment, at least in the Amphibia and probably also 
in the chick. The next step in the transformation is the 
acquisition of the transTerse striatum characteristic of ver- 
tebrate voluntary muscle. Soon after this the protoplasm 
of the cell nndei^oes longitudinal division into minute 
flbrUls — which latter do not necessarily correspond, how- 
ever, with the primitive fibrillar of mature muscle — and the 
cell-nucleus likewise divides. The metamorphosis of the 
now fibrillated protoplasm into muscular tissue is first com- 
pleted at the periphery of the fil>er, so that a yonng muscle- 
fiber contains a central core of undifferentiated material, 
including the daughter-nuclei resulting from the division 
of the original nucleus. Soon after the appearance of atria- 
tion and the fibrillation of the filler, the fibers begin to sepa- 
rate from each other, and developing connective tissue with 
young blood-vessels penetrates between tliem, the fibera now 
showing a^regation into bundles. For some time longer 
the fibers are naked, since the sarcolemma is not acquired 
until considerably later. The differentiation into muscular 
tissue gradually extends from the periphery of the fiber to 
its core, the process being complete in the liiiman enibrj'o at 
about the end of the fifth month for the muscles of the upper 
extremities and in the seventh month for thowe of the lower. 
The embryonic muscle-fibers are smaller than the mature 
elements und increase in size until the third month. 

It is considered highly probable by most embryologists 
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that muacle-fibers undergo mnltiplicatioii during embryonic 
life. There are several theoriea as to the method of this 
multiplication. The most generally accepted view is that 
put forth by Weiamann, the essential feature of which is 
that the fit)era multiply by longitudinal division or fiRsion. 
Reference was made above lo the repeated division of the 
nucleus of the cell as one of the initiatory steps in the forma- 
tion of the muscle-fiber. According to the tission theory, 
there is one class of filjern in which the nuclei are arranged 
in a single row, and tlie fibers of this class do not undergo 
fission ; while there is another claws, the fibers of which have 
their nuclei arranged in several rows. Fibers of the latter 
type divide longitudinally into as many daughter-fibers as 
there are rows of nuclei. 

Although many of the details of the development of the 
musoular system are still involved in obscurity, it is a gen- 
erally accepted fact that each fiber is derived from a single 
cell, the protoplasm of whicli develops the function of con- 
tractility to the 5ubonlinalion of the remaining vital proper- 
ties of protoplasm. With this specialization of function 
there is necessarily a concomitant alteration of structure. 

The muscular mass resulting from the transformation of 
each myotome grows in the ventral direction between the ecto- 
derm and the parietal leaf of the mesoderm, or in other words 
into the somatopleurc, to produce the muscular structures of 
the ventrolateral body-walL It grows also and to a greater 
extent in the dorsal direction, covering, and acquiring points 
of attachment to, the vertebral column, which has mean- 
while been forming. In addition to the ventral and dorsal 
extension of the muscle-plates, each one grows both forward 
and backward — cephalad and caiidud — in such manner that 
overlapping and intermingling result. 

What has been said above concerning the evolution of 
the trank-muscnl&tnre from the primitive segments refers to 
those muscles that are developed from the segments of the 
trunk. As to the evolution of the head- segments com|>ara- 
tively little is definitely known. It is generally accepted 
that in elasmobranchs — a gtoup including sharks and r 
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there are nl&e primitive ^egmentij in tlie region of the future 
head. The Dumber preiieiit in mammalian embryos ha» not 
been clearly worked out. In the lower vertebrates each 
segment contains a oavity lined with flattened cells, the 
mesothclium, the metamorphosis of which into muscular 
tissue may be inferred to be essentially as already outlined 
above. The first head-segment, which lies in contact with 
and partially envelops the optic vesicle, gives rise to the su- 
perior rectus, the inferior rectus, and the inferior oblique 
muscles of tile eyeball ; the second segment prtHliices the 
superior oblique, and the third, the external rectus. The 
ftiarth, flIUi, and sixth segments a))ort and hence [produce no 
adult structures ; while the seventh, the eighth, and the ninth 
segments Iweonic nietaniorphost-d into the muscles that cou- 
nect the skull with the shoulder-girdle. 

From recent studies ' it would api>ear that individual mus- 
cles undei^ peculiar and significant migrations during their 
development, and that the origin of the nerve-eupply of a 
muscle indicates the location of the particular myotome or 
myotomes from which it originate<l, since the segmental 
nerves are connected with their resi)ective myotomes and 
supply the muscles derived from such myotomes. For ex- 
ample, the serratus magnus, being innervated by branches 
of the eer\'ical nerves, de\cIops from myotomes in the neck 
region, and subsequently moves down to become attached to 
the scapula and the ribs. 

The Branchial Muscles. — This term embraces the 
muscles of mastication and the various muscles connected 
Avith the hyoid lumc, with the jaws, and with the ossicles of 
the middle ear. They result from the metamorphosis of the 
mesotheliam of the visceral arches and acquire connections 
with structures that have arisen from the so-called mesen- 
chymal cells of these arehes or, in other words, from the 
embryonal connective tissue which makes up the chief part 
of their bulk. For an account of the growth of the visceral 
arehes the reader is referred to Chapter VII. From this 

' See ■' ItevpLipmenl of the \-entral Abilominal Walls in Man," Frntik- 
lin P. MaU, Johns UupL-im Paperf. vol. iii., 180S. 
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account and Trom that found in Chapter IV., it will be seen 
that the formation of the visceral arches and clefts is in 
reality the segmentation of the ventral mesoderm of the head- 
region of the enibrjo, or to express it in another way, it is 
the segmentation of tho ventral ooelom of that region. It is 
interesting to note that whereas in the trunk the segmenta- 
tion of the mesoderm is restricted to the dorsal part of the 
body, in the head-region the ventral mesoderm also partici- 
pates in the process. Hence the vi.sceral arches, as might be 
expected, consist of so many masses of mesodermic tissue, 
each arch containing a small »'avity lined with mesothelium, 
which cavity is a constricted -off part of the body-eavity or 
ccelom. It is these mesothelial cells that produce, by their 
differentiation, the muscles under considenition. While so 
much concerning the origin of this group of muscles is prac- 
tically assured by observations upon the cnibryoa of the 
lower vertebrates, the details nre -still obscure. His assumes 
the origin of the palatoglosflmi, the stylogloBBas, and the leTatOT 
palati from the second or hyoiil arch ; of the strlopharyageas, 
perhaps the palatopharyngeus, (lie liyoglossns and the snperior 
constrictor of the pharynx IVoui tlic third sireh ; and of the 
middle and inferior pharyngeal constrictors fi-om the fourlli 
arch. Further, it is held by Rabl that the muscles of the 
face, including those of the scalp and the platysma — the 
miucleB of expression — originate from the mesothelium of 
the hyoid arch in the form of a thin superficial sheet, which, 
gradually spreading out from the place of origin, breaks up 
into the individual muscles. 

The Muscles of the Esrtremltles.— Of the develop- 
ment of these there is little to 1m' said. Enough is known 
of the develo|Dnient of the limb-muscles to establish two im- 
portant facts : that these muscles develop as buddings from 
the muscle-plates of the trunk, and that the muscles of each 
extremity arise not from one but from several myotomes, 
the exact number being uncertain. The observations have 
been chiefly upon selachians (sharks, etc.), and in these em- 
bryos each myotome gives off two buds, each of which 
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divides into two others, while the main p£|rt of the myotome 
continues its growth into the somatopleure. 

THE INVOLUNTARY OR UNSTRIATED MUSCULAR TISSUE. 

This variety of muscular tissue, like that considered 
above, is of raesodermic origin. But while the voluntary 
muscles arise from the flattened or mesothelial cells of the 
primitive segments, inyoliintary muscle results from the 
transformation of the embryonal connective-tissue elements, 
the mesenchsnnal cells, of the mesoderm. It is for this 
reason that some authors speak of the voluntary muscles as 
the mesothelial muscles and designate the involuntary mus- 
cular tissue as mesenchymal muscle. 

While it is a generally accepted fact that each of the fiber- 
cells which make up unstriated muscle is a metamorphosed 
mesenchymal or connective-tissue cell, the details of the 
process have not been accurately worked out. One may 
assume that necessarily the young connec.tive-tissue cell 
elongates and that its protoplasm must undergo such differ- 
entiation as will fit it for the exercise of its future function, 
contractility. 

THE CARDIAC MUSCLE. 

The account of the development of the heart-muscle will 
be found in Chapter X. 
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CHAPTER XVIII. 

THE DEVELOPMENT OF THE SKELETON AND 
OF THE LIMB5. 

Ai,THOUOH the Bkelef*ni is tlie framework of tlio body in 
till! anatomical or mechanical sense, it is not so emhrjologic- 
ally, since its development is not begun, at least not to any 
impurtant extent, until nearly all the principal oi^ns are 
well diSerentiated, and its growth is larf^'ly suhsidiary to 
tliat of tlie structures which, iu the mature state, it supports 
and protects. Mnrphologists sjicak of the ezoskeleton and 
the endoakeleton, the former having; reference to the hard 
structures fouml siii>erficial to the soft parts, for whose pro- 
tection they serve, such as the carapace of the lobster, and 
the hard scales of certain fishes; while the latter term 
signiGes the cartilaginous or bony structures found within 
the bodies of most vertebrate animals. Even in the highest 
vertebrates, certain bones, such as those of the vault of the 
cranhmi, are usually considered by moqiholngists as being 
the representatives of piirt of the pxoskeleton of lower types. 

The skeleton, using the worit in its ordinary sense, con- 
sists of the axial skeleton and the appendicular skeleton, or 
skeleton of the limbs. The former, including the head and 
the trunk, is common to all vertebrates; the latter is not 
found in the lowest members of this class and hence is to be 
regarded as a later acquisition in the evolution of the skeleton. 

In studying the development of the skeleton, as in con- 
sidering that of other systems and organs, clearer conceptions 
of the growth of the individual may be obtained by com- 
paring it with the evolution of the type. For example, the 
simplest form of skeletal apparatus is that of the amphiozus. 
In this animal the only representative of the skeleton is the 
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notodiord, a cylindricul md conipo:^e(l of cellular nr gelatinniis 
tissue in wliich neither chondrificatioii nor ossification ever 
takes place. Such an animal fnriiitiiie» an example of tlie 
notocbordal stage of tlic skeleton. The ijurroundiiig of tiie 
chorda with a slieath of embryonal connective tissue, by 
which it is strengthened and thereby better fitted to serve us 
the body-axis, furnisheB the membranons type of skeleton, a 
stage a little farther a«lvanced than the preceding. The next 
higher type of skeleton is the cartilaginons fonn. lu this case 
the embryonal connective tissue iia.^ undergone transforniation 
into cartilage, at which point development is arrested, the 
stage of ossification never betng attained. The cartilaginous 
type of skeleton is illustrated by that of the selachian (sharks 
and dog-fish). 

The tiiird and highest tyiw of skeleton is the osseous. This 
results from the replacement of tlie cartilaginous tissue by bone. 
The process of ossification does not, however, affect every 
part of the cartilaginous skeleton, thei'e being some portions 
of the latter which remain permanently nnossified. As there 
are, throughout the vertebrate series of animals, various gra- 
dations in the degree of diSerentiation of the skeleton, so in 
the course of development does tlie osseous system of every 
higher vertebrate |)ass through these stages from the simplest 
condition, that of the notncliordal skeleton, to the highest 
form of the almost com[iletely ossified skeletal apparatus. 

THE AXIAL SKELETON. 

The axial skeleton, as stated above, includes the Ijones of 
the trunk and those of the head. Ijogically the development 
of the former will first claim attention. 




The Development of the Trunk. 

The Stage of the Chorda.— The formation of the 
chorda dorsalisor notorhord is the earliest indication of the 
axis uf the embryonic body and it will be recalled that it ts 
also one of the earliest enibryologieal pri>ce8seB. The mode 
of development of the chorda from the entodermal epithelium 
has been described at p. 65. The chorda serves the pup- 
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pose, as it were, of an axis about which the permanent ver- 
tofaral cnlnmn and a jwirt of the Hkull are, at a much later 
ilitte, built lip. The anterior or headwanl termination of the 
rhorda eorresptinds to the position of the later hypophysis, or 
pituitary body, and thus the chorda is coextensive, not only 
with the vertebral column, but also with a jMirtion of the 
cranium. The cells of the chortia enlai^ and become dis- 
tended with fluid, the protoplasm of each cell being reduce<l 
to a thin layer. The peripheral cell?, however, constituting 
a distinct layer, the chordal epi'thelioin, remain small, and it 
is by their proliferation that the chonia increases in size. In 
the amphioxus the chorda is the only " t:;keleton " tliat ia ever 
acquired, and in this animal it in a jxninnwnt etntcture. In 
all other vertebrates it liecomes surrounded by embryonal 
connective tissue, mesenchyme, which latter undergoes chon- 
drificatioQ, and in the higher types osaificution also. While 
in some of the lower vertebrates, as in certain classes of 
fishes, the chorda peraista as a structure of more or less im- 
portance, in the higher meml>cr3 of the series, birds and 
mammals, it retmgmdes as the processes of chondrification 
and ai^ification go on, until linally it is represented only by 
the pulpy centers of the intervertebral disks. 

The Membranous Stage. — The notochordal stage of 
the development of the vertebral cnliimu is succeeded by the 
membranous stage. The transformation is effected by the 
appearance of an ensheathing mass composeil of embryonal 
connective-tissue cells which surround not oidy the clx^rda 
but also the neural canal or fundament of the nervous system 
(Fig. 1 58, ak). The source of this embryonal connective tissue 
or mesenchyme bears an im^xirtant relation to the primitive 
segments. As the development of the primitive segments 
was described in the last chapter, and nlsnin Chapter 3V., 
it will suffice to remind the rea.der that each primitive seg- 
ment undergoes differentiation into the myotome or mnacle- 
plate, the cutis-ptate, the nephrotome, and the sclerotome (Fig. 
15S). the sclerotome occupying the mesial surface of the s^- 
ment and lying in close proximity to the chonia. 

While the myotome originates from the flattened or meso- 
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thelial cells of the primitive segment, the aclerotonie is made 
up of cells of the type characteristic of young-growing con- 
nective tissue — that is, of the mesenchymal part of the primi- 
tive segments as distinguished from their mesothelium. Owing 
to the rapid multiplication of its cells, each sclerotome spreads 
out headward and caudalward, and dorsad and ventrad, sur- 
rounding both the chorda and the neural canal, until both these 
structures become enclosed in a common, continuous sheath of 
embr}'onal connective tissue. That part of this tissue which 
surrounds the chorda is often designated the akeletogenoiis 
slieath of the chorda and also the membranous primordial ver- 
tebral column. The cells of the sclerotomes not only sur- 
round the chorda and the neural canal, but they also spread 
out laterally into the intervals l>etween the muscle-segments 
to constitute the ligamenta intermuscularia or the bands 
or strips of connective tissue which separate adjacent muscle- 
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segments from each other (Fig. 159). It is worthy of note 
that while this skeletogenous sheath of the chorda originates 
from segmented structures, the somites or primitive segments, 
and is to that extent related to the segmentation of the body, 
it now presents no trace of segmentation. 
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The Cartilaginoas Stage. — This stage of the develoii- 
ment of the spine in hruught about by the metamorphosis of 
purts of the mombraiioua vertebral column iutu the car- 
tilaginous vertebre. Other and alternating parts of the same 
struetiirc furnish the intervertebnLl disks and the ligaments 
that hind together the individual elements of the spine. The 
histological changes necessary tu etfect the transformation of 
the embryonal connective tissue into cartilage are, briefly, 
the moving apart of the cells and the modification of both 
the cells and the intercellular substance, the latter acquiring 
the characteristic (juaiities of tlie matrix of cartilage. 

As a preliminary step to the formation of the cartilaginous 
vertebrie, the enslieathing membranous ti8.sue exhibits, at 
r^ular intervals, areas of condensation of its connective- 
tJssue elementti. It is in these condensed areas that the 
process of cartilage-formation begins, and each such area, 
which has the form oi' a somewhat obliquely place<I boiv- or 
half-arch, corresiwnds approxiniately but not accurately to a 
future vertebra. This half-arch of condensed mesenchymal 
tissue is called the primitive rertebral bov by Froriep, whose 
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investigations eatal)lislied many of the facta known concern- 
ing the development of the skeleton (Fig. 160). The median 
part of the bow is on the ventral side of the chorda and is 
known as the lini<x^bordal brace. The extremities of the bow 
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abut against the corresponding muscle-segments, each extrem- 
ity becoming bifurcated. The dorsal limb of the bifurcation 
spreads over the dorsal or superficial surface of the primitive 
spinal cord, forming the membranous forerunner of the 
neural arch of the vertebra ; while the ventral limb advances 
ventrad, foreshadowing the hemal arch or costal process of 
the vertebra, or, as regards the thoracic region of the body, 
the future rib.^ The lateral parts of the bow become the 
processes of the vertebra, but the median part of each bow, 
the hsrpochotdal brace, remains unchondriiicd in mammals 
and becomes a part of the intervertebral ligament, except in 
the case of the first cervical vertebra, or atlas, the anterior 
or ventral arch of which it furnishes. The membranous 
anlage of the cartilaginous body of the vertebra is found in 
a sj)ecial condensation of the ensheathing tissue of the chorda 
just caudad of the hypochordal brace. 

For each vertebral body there are two centers of chondri- 
fication, one on each side of the (chorda within the mass of 
tissue referred to above (Fig. 1 60). The formation of car- 
tilage begins in the second month. The two centers are soon 
connected with each other by a third, which lies on the ventral 
side of the chorda, the throe forming now a cartilaginons half- 
cylinder which is later completed by the development of car- 
tilage on the dorsal side of the chorda (Fig. 161). At the time 
when the chorda is completely encascnl in cartilage the spinal 
cord is still ensheathed bv merely membranous tissue. Before 
the end of the second month the neural arches of the vertebrae 
are indieateil by small isolated masses of cartilage which de- 
velop in the connective tissue surrounding the spinal cord, 
the lateral parts of the membranous vertebral bows. In the 
eighth week these fuse with the bodies and appear then as 
projections from them. By the end of the third month the 
pr()C(\sses, or neural arches, have grown sufficiently to meet 

* Morphologically, each vertebra is powessed of a newnd curck, for the 
protection of the spinal con! ; and a hemal areh for the protection of the 
organs of circulation, respiration, and digestion, the ribs of man and the 
higher vertebrates being the |>en«istent heniul arches in the region of the 
thorax. 
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with Ibeir fellowe on the dorsal side of the spinal cord, and 
in the iimrtli month tlie corresponding arches of the two 
sides become united, thus completing the c&rtUagmons abeath 
of the cord. 

The masses of connective tissue occupying the iiitervula 
between the vertebral Lixlies are known as tlie intervertebnil 
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ligajuentB. Subsequently they become the intervertebral diske. 
The tissue between the cartilaginous arches bcciinios diflcr- 
entiated into the ligamenta subflava. 

While the unsegmented skeletngenoiis sheath of the 
chorda is gradually differentiating into the seitarate clemenLs 
of the cartilaginou-s vertebral column, the chorda itself begins 
to retrograde. Within the bodies of the vertebrte its devel- 
opment is completely arrested, while those portions of it con- 
tained n'ithtn the iut<!r vertebral disks continue to grow. The 
chorda at this stage consequently shows alternating enlarge- 
ments and constrictions. In certain fishes it jiersi-sts as a 
structure of more or less imptirtance. In vertebrates above 
cartilaginous fishes, all traces of the parts of the chorda 
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within the verteliral bodies are logt as suon a)" 

occurs, while ia the intervertebral disks parts of it perdst 

as the soft pulpy cores of tlie latter. 

The cartilaginous trunk is completed hy the chondrification 
of tlif IJi^amenta iulprmusciilaria to form the cartilaginous 
thorax. 

The Osseous Stage. — The process of ossification b^ius 
in certain [wtrts of (he trunk at the end of the second month, 
before the work of chondrifit-ation is entirely completed. As 
the histological details of bone-formation are to be found in 
the texl^books of histology, it will not be necessary to enter 
into the subject here. The places in any individual cartilage 
where ossification begins are railed the centers of ossification. 
The process is one of substitution, the cartilage becoming 
broken down and absorbed as the formation of bone goes on. 

The 08aiflca.tion of each vertebra is begun at three cen- 
ters, one in the body and one in each arch. The centers 
for the aTcties appear in the seventh week. The centers 
fur the bodies ap|>car a little later and arc fonnd first in the 
dorsal vertebne, appearing successively later in the verte- 
bra farther up and farther down. The ossified arches unite 
with each other during the first year of life, but their union 
with the body of the vertebra takes place between the third 
and eighth years. At a miinh later period Are accessory cen- 
ters of ossification are adde<l to each vertebra. Two of these 
belong to the body and give rise to two annular plates of 
bone, tlie epiphyses, one for the upper or cephalic surface and 
one for the opix>pite or caudal surface. The remaining three 
centers belong respecti\'cly to the spiuona process and tlie two 
transverse pTocesses, The epiphyses do not acquire osseous 
union with the vertebra proper until about the twenty-fifth 
year. 

The so-called transverse process of a cervical vertebra, en- 
closing a foramen, and consisting of an anterior and a posterior 
part, includes more than the transverse process proper, since 
its anterior or ventral (lortion is the rudiment of a cervical rib. 
During the time of the fusion of this rudimentary rib with 
the transverse process, the vertebral artery, which passes 
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l>etween them, is surrounded hj the two processes, and thus 
tlie adult cervical transverse processes differ from tliose of 
the other vertebne in tlie possession of a foramen.' 

The atlas and the axis, being strikingly rnddified cprvical 
vertebra, require sjiecial mention. The atlus contains less 
and the axis more than an ordinary vertebra, since that which 
corresponds to the body of the atlas never unites with it but 
fuses with the body of the axis to constitute it^ odontoid 
process. 

The atlas presents two centers of ossification for its neural 
arches — the so-called posterior arch — ^just as other vertebne 
do. Unlike other vertebne, these centers do not unite with 
the body but become joinetl to each other on the ventral side 
of the position of the chorda by a piece of cartilage which 
results from the chondritication of the hypochordal brace, 
referred to on page 302. This forms the cartilaginous ven- 
tral or anterior arch of the atlas, wliich, in the firtit year of 
life, develops a center of ossification. The arch acquires 
bony union with the lateral parts between the fifth and 
sixth years. 

The axis or epistropttens develops from the usual centers of 
ossification and from an additional one for its odontoid proc- 
ess. Bony union of the oflontoid process with the proper 
body of the axis occurs in the seventh year. The odontoid 
process, in common with every other vertebral body, is 
traversed in the rartilaginous stage by the notochord. 

The transverse processes of the lumbar Tertebrie, like those 
in the cer^-ieal region, include not only the transverse proc- 
es.« proper but also the rudiment of a rib. 

The sacral veitebrn each present the usual ossific centers. 
Inasmuch as they become articulated firmly with the pelvic 
bones and undergo fusion to form a single adult bone, the 
Bacnun, their form is much modified during the course of 
development. The transverse processes of each side coalesce to 
form the lateral mass of the .sacrum. Each transverse process 

' The point is madf liy some aiilhiirilim, sb Minol, llml the bone does 
not grew around the uriery, liiil lliat the arlerj growa through the nseifyin^ 
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consists, as in the cervical and the lumbar vertebrae, of the 
transverse process proper and a rudimentary rib, the center of 
ossification for the latter being quite distinct during early 
stages of development. The intervertebral disks of the sacral 
vertebrae begin to ossify in the eighteenth year, the process 
being completed in the twenty-fifth year. 

The coccygeal yertebrse are quite rudimentary. Each one 
is ossified from a single piece of cartilage, and usually from 
but a single center of ossification. Occasionally the first 
piece of the coccyx develops from two ossific centers, the proc- 
ess beginning at birth. Ossification begins in the second 
vertebra between the fifth and the tenth years ; in the third, 
shortly before puberty ; in the fourth, soon after puberty. 
The lower three pieces fuse into one before middle life, and 
this unites with the first, and the latter with the sacrum, at 
variable periods thereafter. 

The Development of the Ribs and Stemnm. — 

Reference has been made in the preceding pages to the liga- 
menta intermuscularia as strips or bands of embryonal con- 
nective tissue lying between adjacent muscle segments, which 
have originated, in common with the sheath of the chorda^ 
from the cells of the sclerotomes. The ligamenta intermos- 
cularia become invaded by the costal processes of the primi- 
tive vertebral bows, the costal process, which is the ventral 
division of the tip of the bow, growing ventrad and pene- 
trating the substance of the ligament to constitute a curved 
rod of connective tissue, the forerunner of the future rib. 
Thus there are formed connective-tissue representatives of 
the ribs, each of which is embedded in the looser connective 
tissue of the corresponding intermuscular ligament. It i^ 
by the development of cartilage within these curved rods of 
condensed mesenchyme, the membranous ribs, that 
aginous ribs are produced. The process of cl 
commences in the second month, but does m 
proximal ends of the ribs, the tissue here 
mentous and serving to bind together the ribs 
bne. Ribs are formed throughout the entii 
vertebral column, except in the coccygeal regi( 
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the Jower vcrtebratea the entire eeries gfjes on to mature de- 
velopment, in moranmls, including luim, their growth is 
arrestee! in the cervical, liimltar, and sacral regions. In the 
case of man and maiiimuls only the tliorat-ic ribs persist and 
become adult structures. 

As the distal (ventral) extremities of the ribs advance 
toward the ventral median line, the tips of the first five, six, 
or seven each exhibit an enlargement. These broadened end.-* 
soon coalesce, tlms forming on either side of the me<lian line 
a continuous strip of cartilage, the anlages of tlie sternum. 
The other ribs remain free at their ends. The sternum is 
therefore produced from two lateral halves, a circumstance 
that explains some of its anomalies, as for example, cleft 
Btemnm, which is a condition due to arrested development 
or deficiency of union. 

The osBiflcation of the libs begins in the second month of 
fetal life and from a single center for each. The process does 
not involve the entire rib, a j»ortion near the distal extremity 
remaining cartilaginous and becoming the adult costal carti- 
lage. Accessory centers of ossification for the head and 
tubercle ajipear between the eighth and fourteenth years 
of life. 

The ossification of the sternum proceeds from nnmemus 
centers. There is one for the manubrium and from six to 
twelve for the gladiolus. The ensiform acquires a center of 
ossification in tlie early years of life, but for the most part 
remains cartilaginous. 

Although, as stated above, the ribs of adult human anat- 
omy are limited to the thoracic region, their rudimentary 
representatives are found throughout the other regions of 
the vertehnd column. In the cervical, lumbar, and .sacral 
regions each rudimentary rilt becomes blended with the 
trausverao process of the corresponding vertebra to form the 
transTerse process of human anatomy. It is from the )>cr- 
aistence of the seventh rudimentary cervical rib and its fail- 
ure to fuse with the corresponding transverse process that 
the anomaly of a tm cerrical Tib results ; while the presence 
of a thirteenth or lumb&r rib, as occasionally met with, is due 
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to the iinuEiial development nf t}ie first Innibar rudimentary 
rib. 

Th« Development ot the Head Skeleton. 

Just as the skoletoD uf tlie trunk consists nf a dorsally 
situated bony cast- for the prott'ction of the spinal conl and a 
series of ventral or IicdiuI uiehcs for the protection of the 
organs of circulation and respiration ; so does the head 
skeleton comprise a bony case for the accommodation of the 
brain with smaller accessory osseous compartraents for tlie 
oi^ns of special eense, as the orbits and the nasal chambers; 
and also a vcntrally situated apparatus which constitutes 
both a nxieptacU for the oral and the pharvnge-al parts of 
the digestive Bystem and a mechanism for the mastication of 
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food. The former part, the cranial capsnle, or brain-<»i8e, is 
developed to a great extent from the cnnuective tissue sui-- 
roundiog the head-end of the elionlii, its origin thus being 
similar to that of the s^pinal ctilmnn. On tlic other hand, 
the ventral parts, as the jawfi and the hynid bone and related 
structures, constituting the -w-oalled visceral skeleton, develop 
from the mesodermic tissue of the visceral arches. As in the 
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case of the trunk ski>lct<)n, tho cranium is firut outlined in 
membranous tissue resulting i'rom the differentiation of the 
erabrj'onal connective tissue which entiheutlis the heaJ-eud 
of the chorda, and also of the connective tissue of the visceral 
arches, this difTerentiution producing the membranous primoi- 
dial cranium. The metamorphosis of tlifi membranous cmnium 
into cartilage brings about the cartUaginons stage of the 
cranium, while the replacement of the cartilage by bone is 
tiie final step in the pnK;ess. 

Bones that develop fn)ni centers of ossification in pre- 
viously formed masses of cartilage arc styled primordial 
bones, while those that are pwxiuced independently of car- 
tilage, either in the skin covering tlie membranous cranium, 
or in the mucous membrane lining indentations in its walls, 
are known as covering or dennal bones. The development 
of bone is therefore soil to l>e cither endochondral or mem- 
bianoTis. For the most jKirt, the bones of the base of the 
skull are of endochondral formation, while those of the vault 
are develojwd in membrane. The membranous or dermal 
hones are similar in point of origin to the exoskeleton — 
placoid and ganoid sciiles — of certiiin fishes. 

Ofhe Membranous Cranitiin. — The membranous brain- 
ease is differentiated from the young connective tissue which 
ensheaths the anterior or head-end of the chorda. As pre- 
viously stated, the anterior end of the chorda is at a jwint 
ventrad to the mid-brain vesicle, in the angle formed by the 
latter with the fore-brain, at a position corresponding with 
that of the pituitary body (Fig. 162). The skcletogenona 
eheath of the chorda, in this situation as elsewhere, results 
from the multiplication of the cells of the sclerotomes, since 
this region of the body undergoes segmentation in common 
with the trunk. The nnmber of bead -segments is nncertuin. 
According to recent investigations upon shijrk embryos, there 
are at least nine primitive segments formed in liie head- 
region. 

The skeletogenous sheath of the chorda spreads out dorsad 
to cover the brain-vesicles. From tlie terminal point of the 
chorda, beneath the inter-brain, the sheath advances ante- 
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riorly to invest the forc-braiii, wliich latter at this stage ia 
bent over ventrad. From the part investing the fore-brain, 
a protuberant mass, the nasofrontal process, extenrls toward 
the primitive nioutii-uavity, constituting the antt'riur or tipjier 
boundary of the latter. Meanwhile the mesenchymatlc tis- 
ane of tlie visceral arches — that is,'that part of the meso- 
derniio tissue uf these structures which does not form 
muscular tissue — is undergoing similar transformation into 
membranous tissue. The fir^t viseeral arch divides into an 
anterior or upper part, tlie maxillary process, and a posterior 
or lower mass, the mandibular arch, thc^ being the mem- 
branoua jaw arches. The foiir jaw arches, with the naso- 
frontal process, form the boundaries of the primitive mouth- 
cavity, the mandibular arches of the two sides liaving imited 
in the median line to form its lower border, and the maxillary 
arches liaving fused with the lateral nasal and the nasofrontal 
pnw^sses Xo constitute its upper boundary. 

Th^ membrsiioiis primordial cranium, then, consists uf a 
complete connective- tissue investment for the brain-vesicles, 
of the membranous jaw arches, and of the hyoid and the 
branchial arches, and presents in its walls the indications of 
the cavities for special-sense organs in the shape of the sur- 
face invaginations which constitute respectively the otic ves- 
icle, the lens-vesicle, and the nasal pits. 

The Cartilaginous Cranium. — By the further differ- 
entiation of the membranous cranium the cartilaginous stage 
is attained. The development of cartilage begins in the 
second month. While the membranous cranium furnishes a 
complete capsule for the brain, the cartilaginous brain-case is 
deficient, since the process of eh ondrifi cation iloes not aflFect 
the regions of the future parietal and frontal bones. This is 
true at least of man and the higher vertebrates. In thoee 
cases where the skeleton remains jiermanently cartilaginons, 
as in selachians (sharks, dog-fish, etc.), the entire brain-case 
participates in the chondrifying process. As the skull ex- 
tends very much farther forward than the end of the chorda 

■wliich latl«r terminates at the ]>ositiou of the future sella 
turcica — the regions of the primitive skull arc designated 
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rrepectively chordal and precfiordul {KoUiken, or verf^ml 
and evertebral (Gegenb^uer), according as tliey fall behind or 
in front of the end of the chorda. 

The formation of cartilage begins in the region correspond- 
ing to the base of tlio future skull. On each eide of the end 
of the chorda n mnsa or Iwir of cartilage is formed, extending 
forward and backward, tins jiair of ])arallel bars being desig- 
nated the parachordal cartUageB (Fig. 1 63, 1 ). Farther forward, 
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in the prechordal region, another pair of cartilaginous maasea 
is pniduced, known as the trabeculn cranii. The latter are 
not straight bars, but have somewhat the form of a pair of 
calipers. In a short time the cranial trabecnlie unite with 
each other,but not throughout thcirentire extent, an aperture 
being left at the position of the pituitary body. It is through 
this aperture that the oropharyngeal diverticulum, which 
forms the anterior lobe of the pituitarj- body, projects to 
come into relation with the diverticulum from the inter-brain, 
which pHwlnces the ]wiMtcri<ir lobe. At a lalcr jwriixl ossifl- 
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cation occurs here, ns elsewhere in the base of the skull, thus 
completely' isolating the pituitary Iwcly from the wall of the 
pharynx. The parachordal cartilages also fuse with each 
other and with the cranial tral>ecul8e, the four pieces now 
forming one mass. The process of chondrification extends to 
other parts of the merabninoiis cranium so aa to produce a 
cartilaginous l>rain-i>ase, just as, in the case of the vertebral 
column, the dorsal extension of curtilage-formation gives rise 
to a case or CJmal for the spinnl cord. As before stated, how- 
ever, tlie chondrifying proct-ss does not affect the entire 
membranous cranium in the higher vertebrates, chondrifica- 
tion occurring around the jwsition of the foramen magnum 
and in the lateral walls of the cranial capsule, while parts of 
the vault remain membranous. The anterior extremities of 
the united cranial trnliecula; become .=o modiiicd in form as to 
constitute the plate of the ethmoid ami thi' nasal capsule for 
the lodgement of the olfactory epithelium. In each lateral 
region the cartilaginous ear capsule is different iu ted. 

Meauwhilc the cartilaginous visceral skeleton is developing 
from the merabr.iuous structures of the visceral arches. As 
in the case of the jjrain-capsule, the chondrifying process does 
not involve all parts of the membranous visceral skeleton, 
jKirts of the latter being replaced later by dermal or covering 
bones — that is, bones that clevelop in membrane without 
having been preN-iousIy mapped out in cartilage. 

In t}ie first visceral arch, the formation of cartilage occurs 
on!y in the mandibular jmrlion, the maxillary process con- 
tinuing membranous. The cartilage of the mandiliular arch 
appears in the form of a curved bar running ventrodorsally. 
This bar divides into a smaller proximal or dorsiil piece, the 
palatoquadratum of comparative anatomy, and a longer distal 
or ventral segment, Ueckel'B cartilage. The italato-<|uadratum 
subsequently divides into two parts, the earliliiginous aniages 
respectively of the pahitn-ptcrygoid plate and the iacru. 
Meckel's cartilage likewise undergoes division, there being 
separate*] from the chief mass a small proximal segment 
called the articulare, which i.s the forerunner of the future 
malleus. Thus the cjirtilaginous bar of the mandibular arch 
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has to do with the formation of certain of the oHsicles of the 
middle ear as well as, to a limited exteut, with the develop- 
ment of the mandible. 

In the second visceral or anterior broid arch, choudrifica- 
tion also occurs, but not throughout Its entire extent. A bar 
of cartilage, the liyoid bar or Eeichert's cartilage, in produced 
in this arch and undergoes division into throe segments, of 
which the proximal or dorssil is the forerunner of the future 
stapes of the middle ear, while the other two pieces represent 
respectively the styloid proceaa and the lesser horn of the 
hroid bone. The tissue intervening Iwtween the position of 
the styloid process and the lesser hyoid cornu does not chon- 
drify in man but remains membranous and becomes the stylo- 
hyoid ligament (see Fig. 169). 

In the third visceral arch, or the posterior hyoid arch, a rod 
of cartilage develops which represents the greater comu of 
the future hyoid bone. Ventral to this, there is formed a 
me<Iian unpaired piece of cartilage, the copula, belonging to 
the arches of the two sides, which later develoiw into the 
body of the os hyoides. 

To summarize, the head skeleton in the cartilaginous stage 
of development presents an imperfect cartilaginous brain-case, 
capsules for the organs of smell, sight, and hearing, and a 
oartil^nous visceral skeleton, the several parts of which map 
out the lower jaw, the hyoid bone, the styloid process, and 
the ossicles of the middle ear. 

The Osseous Stage. — The bony condition of the head 

I skeleton is brought about in part by the development of bone 
from centers of ossification in the cartilages described above, and 
in part by the growth ofcovering or dermal bones in the integu- 
ment covering those areas which are deficient in cartilage ; in 
other words, by both endochondral and mcmbmniius ossifica- 
tion. It may be state<] in general terms that the bones of the 
baseandofthesidesof the skull, including the auditory ossicles, 
the ethmoid, and the inferior turbinated bone, are produced by 
OBsification in cartilage and are hence called primordial bonpji; 
and that the Iwnos of the vault of the cranium, and for the 
moat part of the face, result from the membranous method of 
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ossitication, ami are therefore styled dermal or covering boneit. 
Some of the imtniJual hones, however, are partly of car- 
tilaginotts and partly of mem- 
branous origin, the several por- 
tions remaining permanently dis- 
tinct in certain lower vertebrates, 
hut in man uniting so intimately 
with eadi other as to present no 
trace of their previously sejmrate 
condition. 

The occipital bone consists of 
two genetically distinct parts, 
the superior or interparietal jwr- 
tion, which is a dermal bone, 
anil the occipital bone propor, 
which is of cartilaginous origin. The osKLflcation of the latter 
occurs from four centers, one on each side of the foramen 
magnum for the condylar portions, one in front of the foramen 
for the basilar process, and one posterior to that aperture for 
all the tabular portion of the Itone not belonging to the inter- 
parietal segment. O.-isification begins in these centers early 
in the third fetal month and proceeils at snch rate that at the 
time of birth the bone eonsi&ts of four bony pans which are 
Beparated from each other merely by thin layers of cartilage. 
Since in some animals these parts remain separate throughout 
life, they are designated by moqihologists, respectively, the ei- 
occipitals, the bad-occipital, and the mpra-occipital (Fig. 165). 
The supra-occipital isaugraented by the onion with it of the in- 
terparietal portion, a covering or dermal iione tliat ossifies from 
two centers, and that begins to fuse with the supra-ocdpital 
near the en<l of the third month of fetal life. Consisting at 
birth of four distinct parta, separated by rairtilage, the occiji- 
ital becomes a single bone by the end of the third or fourth 
year by the bt>ny union of the separat* segments.' 

The temporal bone is made up of three genetically distinct 

' In Home caaea tlie union of the interparietal with Ihe mipra-occipital is 
incomplele, the nihiU )ion<^ Clien preHenting two trrniKverse lisxurea which 
pus, one from enich laler.i! unj^le, toward the median line. 
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parts the sqaamosal ( r aquamozygomatic the petrosal or pstro- 
maBtoid or penotic and the trmpanic At tl e t me of birth 
these three elements of the bone are still wparate from each 
other, the tyrnpamc tK-ing an ncnmplet<^ ring aud the petro- 




cvlpiuls; ho, b&El-occlpltul. 

luaBtoid being still without a mastoid process. The jjetro- 
maetoid is the only part of the temporal bone that is outlined 
in cartilage, the s(|Uamozygt)niatic and the tympanic being 
represented in the cartilaginous stage of the cranium by 
membranous tissue. 

The atinamozygonuitic (Fig. 166) is ossifiwl in pre\'iously 
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formed membrane from a single center of ossification, which 
appears in the lower part of this segment at about tiie seventh 
week. The process of bone- formation extends iu all direc- 
tions from this center, but especially 
upward into the squamosa and out- 
ward and forward into the zygoma. 
The periotic or petrotnastoid results 
from the ossification of the cartila^- 
nous ear-capsule, which lutter consti- 
tutes a part of the cartilaginous por- 
tion of the early cranium. It should 
be remembered that the essential part 
of the organ of hearing, the internal 
is differentiated from a small 
pouch of epithelium, the otic vesicle, 
which IS produced by an iufolding or 
invagination of the surface ectJjderm, and that it is the car- 
tilaginous tissue enclosing the otic vesicle and its outgrowths, 
the semicircular canals and the cochlea, that constitutes the 
cartilaginous ear-capsule. 

The ossification of the i>eriotic is usually described us pro- 
ceeding from three centers. The first of these, the opisthotic, 
makes its apjWrance in the latt«r part of the fifth month on 
the outer wall of the capsule, at a point corresponding to the 
position of the promontory, whence the formation <)f hone 
spreads in such manner as to produce that part of the (letrasa 
which ia below the internal auditory c^nal. A second center, 
the pro-otic, appears a little later over the superior semi- 
circular canal and gives rise to that jxirt of the petrosa above 
the internal auditory meatus, and also to the inner and upper 
part of the mastoidea. The third nucleus, the epiotic, arises 
in the neighborhood of the posterior semicircular canal. 
Ossification proceeds rapidly, the three parts speedily uniting 
to form one bone, the periotic or petromastoid. The ])etrous 
portion of the periotic is the more important and the more 
constant. The mastoid is of variable size in different ani- 
mals, and in the human species, at birth, it is flat and devoid 
of the mastoid process which is so conspicuous in the mature 
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conditioD of tlie skull. The mastoid process develops during 
the first two years of life, but its air-cells do not appear until 
near the age of puberty. 

The para tympanicus, or the tympanic (Fig. 1 66), whirh con- 
stitutes the bony part of tlie wall of the external auditory me- 
atus, is ossified iu membrane from a single center of ossification. 
This center appears in the third fetal month in the lower part 
of the membranous wall of the external canal, from which 
point the pn)cess of bone-formation extends upward on cither 
side so as to form an incomplete bony ring, open above. 
This tympanic ring is situated external to both the ear cap- 
sule anil (he ossicles of the middle ear and gives attachment 
to the jieripliery of the tympanic membrane. The further 
growth of the tympanic ring being in the outward direction, 
it becomes a curved plate or imperfect cylinder of bone 
which constitutes the bony wall of the external auditory 
canal. At birtli, the pars tympanicus still has the form of 
the incomplete ring, its further development taking place 
during the first few years of life. The extremities of the 
ring unite with the squamozygomatic before birth. The 
tympanic unites al.so with the j>etrosa except In a region 
adjacent to the pmximal end of Meckel's cartilage, where 
an aperture is left which is the petrotympanic or Olaserian 
flMnre. Since upon the part of Meckel's cartilage which is 
thus enclosed by the union of the two hones is formed the 
long process of the malleus, the presence of this process in 
the Glaserian fissure is accounted for. 

The fftyloid process of the temporal bone belongs to the 
visceral-arch .skeleton. It ossifies in two parts in small 
masses of cartilage that belong to the anterior hyoid arcli. 
One, the tTmpanohyal, gives rise to the base of the process 
(Fig. 170); it begins to os.sify before birth and soon unites 
with the temporal, Tlie other segment, the stylobyal, under- 
goes ossificjition later and joins with the tympanohyal only 
after adult age Is reached. Sometimes it remains separate 
throughout life. 

The sphenoid bone is for the most part ossified in cartilage. 
The IkkIv of the bone is represented in the fetus by two 
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separate parts, the posterior btxiy or liaHispheooid (Fig. 167, 
li»), which includes all that part wf the IxxJy uf the mature 
imne which is poslerior to the olivary eminence and to 
which belong the greater wings.; and au anterior body or 
presphenoid (ji»), situated in trout of the olivarj' eminence, 
to which belong the leaser wings. The ossiheatiou of 
the basisplieiioid proceeds from two centers placed side by 
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side, which appear in the eighth week. Two months later 
two secoudary centers appear for the lateral parts of the 
body. The presphenoid likewise develops from two centers, 
which are apparent in the ninth week. The union of the 
presphenoid with the basi.sphenoid occurs in the seventh or 
eighth month. Each greater wing develops from a single 
center of ossification, which is present in the eighth week. 
The process of ossification spreads from this center to produce 
not only the greater wing but also the external pterygoid 
plate. The greater wings remain separate from the body 
until some time during the first year after birth. Each lesBer 
wing ossifies from a center that apjumrs about the ninth 
week. The lesser wings unite with the pre.sphenoid in the 
sixth fetal month. 

Tlie internal pterygoid plate differs from the other parts of 
the sphenoid in that it does not o.ssify in cartilage but in 
membrane. It is therefore a coicnni/ bone. Its center or 
centers of ossification appear in the fourth month in the 
connective tissue in the lateral wallw of the oropharyngeal 
cavity. In many animals this plate acquires no connection 
with the external pterygohi plate but reniiiins throughout 
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life a JistiDct bone, the pterygoid. In man it fuses with 
the esternal plate in the fifth month. 

The presphenoid with its attachetl lesser wings, and the 
basisphenoid, to whieh ai-e united the greater wings and the 
pterygoid platea, remain permanently separate bones in some 
animals. In man, as noted above, the two parts of the body 
of the bone unite shortly before birth, although the greater 
wings remain separate until some months after that event. 

The ethmoid bone and the inferior turbinate are formed in 
cartilage, resulting from the ossificiition of the (wsterior por- 
tion of the eartila^uous nasal capsule (Fig. 168, ihJ. The 




wllh the oral cBvity Rt the places dtsiimnted by n ■ ^ £', carUlagc of the Dusnl >ei>- 
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latter represents the anterior extension of the cartilaginous 
trabeculfe cranii so modified as to constitute a receptacle for 
the olfactory epithelium, Tlie anterior part of this capsule 
remains cartitaginous throughout life as the septal and lateral 
cartiiaKes of the nose. By the ossification of the poslerior 
part of the nasal cjipsule the ethmoid and the inferior tur- 
binate bones are produced. Ossification, beginning in the 
fifth month, involves the lower and the middle turhinals and 
a part of the lateral masses. The ossification of the superior 
turbinal, of the vertical plate, of the crista galli, and of the 
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remainiDg parts of the lateral masses \a efTocted after birth. 
The bony union of tlic lateral masses with the median plate 
is completed between the fit^h and seventh years. 

The frontal bone is a covering or dermal bone, being ossi- 
fied in membrane from two centers of ossification, one for 
each lateral half. These centers arc situuted above the 
orbital arches and are first apparent in the seventh week. At 
birth, the two halves of the bone are still separate, their 
union not occurring until during the first year of life. Some- 
times the union fails to take place, the condition of the per- 
sistent frontal or tnetopic aatore being known as uetopism. 
Metopism is <^nnsiderably more common in European skulls 
than in those of lower type. 

The parietal bone Is also ossified in membrane. It develops 
from two nuclei which soon coalesce. Tlieir poeition corre- 
sponds to that of the future parietal eminence. 

The bones of the &ce are for the most irart dermal Iwnes, 
Of these, the upper and the lower maxillee and the palate 
bones belong to the visceral-arch skeleton. The others de- 
velop in the membranous wall of the cranial capsule. 

The naaal and lacrimal bonea ossify each from a single 
center, which appears in the eighth week. 

The malar is ossified in membrane from three nuclei, the 
process beginning in the eighth week. 

The palate bone is formed in mucous membrane from a 
single center which is situated at the junction of the vertical 
and the horizontal plates. 

The vomer develops from two centers of ossification which 
appear at the baeJi part of the cartilaginous nasal septum. 
Each center gives rise to a lamina of bone, the two laminse 
gradually uniting with each other from behind forward, and 
embracing between them anteriorly the septal cartilage. 

The vomer and the palate bone arc examples of the forma- 
tion of bone in nincons membrane. The centers of ossifica- 
tion first appear in the eighth week in each case. 

The skeleton of the visceral arches includes the upper and 
lower maxillee, the hyoid Iwne with a jtart of the styloid 
prooess, the ear oaucles, and the palate bones. The palate 
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bones have been referred to above. These bones of tlie 
vieoeral-arch skeleton are partly primordial and partly mera- 
branoug. 

Tlie superior maxilla comprises two parts, the euperior 
maxilla proper and the intermaxillary bone. While these 
•intimately unite in man, in gome animalt^, as the dog, they 
are permanently distinct, the intermaxillary bone constituting 
the important and conspicnous prem axilla of the d»^. The 
superior maxilla oasiBes in membrane — within the mem- 
braaous maxillary process of the first visceral arch — from 
an uncertain number of centers. It seems probable that 
there are three nuclei of origin, one for the palate process, 
one for the malar part of the bone, and one fur the portion 
internal to the infranarbital foramen and a part of the nasal 
wall. The formation of the antnun begins in the fourth 
month by the development of a recess or fossa on the inner 
or nasal wall of the bone. 

The palate process is formed by the growth, on the inner 
aspect of the bone, of a shelf-like projection which advances 
toward the median line until it meets and unites with its 
fellow of the opposite side (Fig. 156). The horizontal plate 
of the palate bone develops similarly and very shortly after, 
and thus is produced the hard palate, which separates the 
nasal chambers from the month. The two halves of the 
hard palate unite first in front, their union being completed 
by the twelfth week. If union is incomplete, the anomaly 
of cleft-palate results. The intenaaxiUarjr segment begins 
its development in the seventh or eighth week u]K)n that 
part of the nasofrontal process which lies between the nasal 
apertures. In the fifth month the intermaxillaries fuse with 
the maxillie, the line of union, being indicated by a suture 
vhich is apparent upon the oral surface of the palate proc- 
esses. The intermaxillaries contain the germs of the four 
incisor teeth. As i)rcviously mentioned, deficiency of union 
between the maxilla and the intermaxillary results in the 
deformity of hare-lip. Obviously, the hiatus in hare-lip 
vill be found to be not median, but lateral, corresjwnding to 
the position of the line of nomo&l anion. 
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The lower jaw or tnasdilile is intimately associated in its 
development with tliat of the malleus and incus of the middle 
ear. Inasmuch as these three bones are differentiated from 
the cartilaginoua and membranous visceral skeleton of the 
first visceral arch it is desirable to consider their develop- 
ment together. 

As described above, the membranous jaw-arches form the 
lateral and lower boundaries of the mouth -cavity, the first 
visceral arch dividing iuto the masillarj- process and the 
mandibular arch. There appears in the mandibular arch a 
bar of cartilage which abuts by its proximal extremity upon 
the outer wall of the auditory labyrinth. This cartilaginous 





Fra. 169.— Hesd and neak of & hiiinan embryo clglileen weeks old n 
Tiaceral akelelon expoBed lufter KEUlkerl, mBgDiaed. The lowvr Jaw somewhat 
dHpKHaed in order loahow Meckel'icmrtUagcithlch eilunds to the mBlleiu, The 
tympanic membrane Is removed and the annulus tympanicus i» visible: Aa.mal- 
leui, which paaaei un Interruptedly lain Ucckel'i cartilage, Mt; vt. bouy tower 
Jaw (denta1e),w1lh ill mndylold procen arUculatln; with the temporal boue: am, 
incQs; rt/Mapeai jir, annnlku tympanlciia r gr/. procesaui Btyloldcui; Uh, liga- 
mcDtum alylohyoldeum ; kh. leaser corou it the hyold boae: sh, Its greater ooran. 

rod segmentM into a distal portion, Meckel's cartilage (Fig. 
169, Mk), and a smaller proximal piece, which is called, 
in comparative anatomy, the palatoqitadratum. From the 
palatu(|uadratum a process, tlie pa I a to pterygoid process, 



THK DEVELOPMENT OF THE HEAD SKELETON. 373 

grows toward the roof of the moutli-cavity and becomes a 
Beparate segment. The piece of cartilage remaining, which 
represents the proximal em! of the original bar, undergoes 
oe^lication, becoming the incus (Fig, l(i9, am). The poste- 
rior or proximal extremity of Meckel's cartilage, Incoming 
a partly aeparate<l cartilage, the articulare, ossifiea to pro- 
duce the mallens (Fig. 169, ha). Though the form of the 
malleus is recognizable, It is still in direct continuity with 
Meckel's cartilage. In the op|Kjaite direction it is articulated 
with the incus. As the tymjianic ring develops, and the in- 
terval below, between thia ring and the j)etrosa, is gradually 
narrowed to the petrotympanic or Glaserian flssore, the mal- 
leus comes to lie within the tympanic cavity, being continuous, 
through the fissure, with Meckel's cartilage. Upon the sepa- 
ration of the malleus from the cartilage t>f Meckel, the long 
process of the malleus represents the Ibrmer bond of union 
and therefore occupies, in the mature state, the Glaseriau 
fissure. The joint between the malleus and the incus repre- 
sents the primitive vertebrate jaw articulation. In the shark, 
for example, the mandibular joint is between the two pieces 
into which the cartilaginous bar of the first visceral arch 
divides — that is, between the palatoquadratum and the repre- 
sentative of Meckel's cartilage, the mandibulare. In mam- 
mals, however, the malleus, as we have seen, loses its con- 
nection with the mandible, the joint lietween the latter and 
the skull, the temporomaxillary articulation, being second- 
arily acquired in a manner t9 be jwiinted out hereafter. 
"While the malleus develops for the most part by ossification 
in cartilage, its long process develops in membrane as a small 
covering or dermal bone, the angulare. 

The membranous lower jaw with its enclosed bar of carti- 
lage becomes osseous, not by the ossification of the carti- 
lage, but by the development of a casing of bone within the 
sarrounding membrane. In other words, the lower jaw 
develops chiefly by the intramembranous method of bone- 
formation. Several centers of ossific^ation apt>car, and from 
these the process of bone production extends rapidly, form- 
ing, by the fourth month, a. covering or dermal bone, the 
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dentale (Fig. 169, uk), which is situated mainly on the outer 
side of M^ikel's cartilage. A smaller plate appears on tlie 
inner side. Tims the curtilage comes to be surrounded by an 
irregular cylinder of Imne. The cartilage of Meckel plays 
a ct>m para lively unimportant piirt in the ossification of the 
lower jaw-bone and begins to degenerate in the sixth fetal 
mouth. Its distal extremity, however, nndei^oes ossifica- 
tiou, thus aiding in the formation of a small part of the 
mandible near the symphysiti; while a posterior segment, 
with the fibrous tissue encasing it, which extends from the 
temporal boue to the inferior dental foramen, persists as the 
internal lateral ligament of tbe lower jaw. With these 
exceptions, Meckel's ciirtiliige entirely disappears, Tha 
angle of the mandible and a siiiall part of the ramus are 
also ossiiied in cartilage, which latter is developed independ- 
ently of Meckel's cartilage. From the posterior jwrt of the 
dentale the condyloid process develops and becomes articu- 
lated with the glenoid fossa of the tenii^ral bone, thus estab- 
lishing the temporomaxillarr articulation. This joint, as pre- 
viously stated, is a secondary one and replaces in mammals 
the primitive articulation between the niandibuliire and the 
palatoquadratum of the lower vertebrates. 

At birth, the two lateral halves of the inferior maxilla 
are united at the symphysis by fibrous tissue; bony union 
occurs during the first or second year after birth. 

To summarize, the inferior maxilla develops as a part of 
tiie viseeral-areh skeleton and is chiefly a covering lx)ne, since, 
with the exception of the angle, a portion of the ramus, and 
a small part near the symphysis, which are of cartilaginouB 
origin, it is formed by the membranous method of ossifica- 
tion. The two other products of the mandibular arch, the 
malleus and the incus, are ossified from cartilage, with the 
exception of the processus gracilis of the malleus, which is 
of membranous origin. 

The development of the liyoid bone, of the styloid process of 
the tempor.ll hone, and of the stapes wus rcferreil to in con- 
sidering the cartilagiuous viscernl-arch skeleton, but for the 
sake of clearness and completeness it may not be amiss to 
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repeat, in this coDncction, some points previously men- 
tinne<!. 

The membranous anterior byoid or second visceial arch, at a. 
certain stage of development, presents, iu its iuterior, the 
doriwventriil eartiliigiiioiis biir known as Reichert's carti- 
lage. This is parallel with Meekel's cartilage, and, like it, is 
in contact hy its dorsal or cranial end with the outer wall of 
the auditory labyrinth. A shorter bar of cartilage apjiears 
in the third visceral arch, which latter is known also as the 
posterior liyoid arch. Together, these two cartilaginous ele- 
ments furnish the stapes of the middle ear and the hyoidean 
apparatus, the latter consisting of the hyoid bone, the stylo- 
hyoid ligaments, and the styloid processes. In man the 
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broldean apparatus is somewhat rudimentary, but in the Ao^ 
and many other mammals it is present in its typical form 
' (Fig. 170). In such animals the stylohyoid ligament of hu- 
I man anatomy is represented by a bone, the epihyal, the liyoid 
I- bone being, therefore, connected with the skull by a scries 
[■ of small bones artieulatefl with each other. All the elements 
[ of the hyoidean apparatus, save the body and the greater 
I oornua of the hyoid bone, are produced by Reichert's carti- 
i lage ; the hyoid boily, known in «ompamtive anatomy as the 
I basihyal, and the greater cornua, or the thyrohyals, ossify 
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from the cartilage of the lliird arch, the cartilage for the 
body being a mediati unpaired segment kni>wn as the copula. 
Beichert'a cartilage undergoes division into five s^niciit^. 
The segment at the cranial end, upon a'^sification, becomes 
the stapes.' This ossicle, by the closing of the walls of the 
tympanic cavity, is isolated from the other segments. The 
second piece, the tympanohyal, ossifies to form the Imse of the 
styloid process and ankyloaee firmly with the temporal bone 
at the [loint of junction of the periotic porti<Hi of that bone 
with its tympanic plate. The third portion, the stylohysl, 
forms the lower part of the styloid process. It undergoes 
ossification later than the tyropanohyal and does not acquire 
oftseous union with it until the time of adult age. It some- 
times remains separate throughout life. The fourth seg- 
ment, the epihyal, does not even become cartilaginous in 
man, but remains fibrous, constituting the stylohyoid liga- 
ment. In must mammals it ossifies, to form a distinct bone, 
the epihyal. The ventral extremity of the cartilage of 
Reichert, tlie cer&tohjal, produces the lesser cornu of the 
hyoid bone. 

THE DEVELOPMENT OF THE APPENDICULAR SKELETON. 

The upper and lower limbs articulate with the trunk 
thnmgh the medium respectively of the pectoral and pel'ric 
girdles, the former being constituted by the scapula and the 
clavicle, and the latter by the ossa innominata. As in the 
case of the axial skeleton, the bones of the limbs in their 
development pass successively through a membninous and a 
cartilaginous stage. 

The general development of the upper and lower extremi- 
ties is described in a later section. As stated in that account, 
each limb-bud is to be regarded as an outgrowth from several 
primitive segments, the tissue comimsing the little bud-like 
process subsequently differentiating into the muscular, carti- 
laginous, and connective-tissue elements of the member. 
The origin of each limb from more than one primitive seg- 
ment haa been establishe*! chiefly by embryological investi- 
'See fixii-iioiH, puge 105. 
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gatioDa upon the lower vertebrates, and is borne out by the 
feet that each extremity receives its nerve-supply from a 
series of spinal nerves iustead of from the nerve-trunk of" 
any one segment. 

The Development of the Pectoral and the Pelvic 
Girdles. — Tlic pectoral or shoTilder girdle consists in its 
earliest stage of a pair of curved Iwirs of cartilage, each of 
which is made up of a dorsal limb occupying approximately 
the position of the future spine of the scajmla and approach- 
ing but not touching the spinal column, and a ventral seg- 
ment lying near the ventral surface of the trunk. At tlie 
angle of union of the dorsal and ventral parts is a shallow 
depression, an articular surfai*, which represents the point 
of articulation with the future humerus. 

The scapula is developed, except its coracoid process, 
from the dorsal jmrt of the primitive shoulder-girdle. This 
goon acquires a form resembling that of the adult scapula 
with the infraspinous portion of the bone very much short- 
ened. Ossification begins at the neck of tlie scapula about 
the eighth week, and in the third month extends into tlie 
spine. The ventral part of the cartilaginous shoulder-girdle 
extends almost to the median line of the chest-wall. It 
divides into two diverging bars, the lower one of which 
undergoes ossification in birds and in some other vertebrates 
to form the cons])icuoua coracoid bone. In mammals, how- 
ever, it almrts and gives rise to a smaller element, the 
coracoid process of the scapula. At birth the human scapula 
is but i>arti:illy ossified, the coracoid process, the acromion, 
the edges of the spine, the base, the inferior angle and 
margins of the glenoid cavity being cartilaginous. The 
coracoid pnx'ess ossifies from a single center and acquires 
osseous union with the body of the bone at about the age of 
puberty. The acromion ossifies from two or three nuclei 
and joins the spine between the twenty-second and twenty- 
fifth years. Still other centera of ossification appear from 
time to time. Thus there is an accessor)- center for the ba.se 
of the coracoid and the adjacent part of the glenoid cavity, 
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and ooe at the inferior angle of the Iwine, from which latter 
osHitication extends along the vertebral border. 

The clavicle doua not develop from the primitive shoulder- 
girdle, but is formed in membrane, for the most part, as a 
dermal bone. Its ossification begins in the sixth or seventh 
week, before that of any other bone in the body. Subse- 
quently, cartilaginons epiphyses are added, one at each end. 
It is by moans of the epiphyses that the bone grows in 
length. 

The cartilaginous pelvic girdle consists of a pair of carti- 
lages, which are united with each other by their ventral 
extremities, and each of which, by its dorsal end, is articu- 
lated with the sacral region of the cartili^inoua spinal 
column. At about the middle of each cartilage, on its outer 
surface, is a depression repri-senting the future acetabular 
fossa. Anterior to the depression is a large aperture, the 
thTTOid foramen, the upper and lower boundaries of whirfi 
are respectively the pubic and iachiatic rods or bars, which 
make up the ventral portion of ihe cartilage, while posterior 
to the fossa is the iliac segment, which has a, somewhat 
irregular plate-like form. Ossification begins in the third 
month, proceeding from three centers, one for each of the 
three divisions of the innominate bone. At the time of 
birth a large proportion of the original cartilage is still 
present, the os pubis, the ischium, and the ilium being sepa- 
rated from each other up to the a^ of puberty by strips of 
cartilage. The ischium and the pubes unite first, and later 
acquire osseous union with the ilium. In addition to the 
three primary centers of ossification, other and secondary 
nuclei appear at a later date in the crest of the ilium, the 
tuberosity of the ischium, and in the viirious spines and 
tubercles. 

The skeleton of the ftee portions of eacb eztremitjr, consist- 
infj at first of a continuous mass or rod of ]»irtially metamor- 
phosed mesenchymal tissue, undergoes division into segments 
which represent the skeleton of the arm or of the thigh, of 
the forearm or of the leg, and of the hand or of the foot. 
This segmentation corresponds with that of the entire mass 




nEVELOFMEST OF THE APPENDICULAR SKELETON. 379 

of the limb, both as to extent and order of apj>earaiice (see 
page 380). Nuclei of chondrification now appear, one in 
the center of each skeleton -piece, from whicli cartilage forma- 
tion extends toward either end. The several cartilaginous 
elements thus produced present approximately the respective 
forms of the future bones. The larger cartilages are present 
in the upjK-r extremity in a six weeks' embryo, but not until 
somewhat later in the lower limb. All the bones of the 
extremities are of endochondral origin. 

The long bones develop in a fairly uniform manner. The 
shaft or diaphysis ossiGes from a single center, while the two 
epiphyses each present several centers. The centers for the 
diaphyses appear at about the eighth week, ossification pro- 
ceeding at such rate that at birth only the ends of the long 
bones are cartilaginous. The centers for the epiphyses appear 
at various times after birth. Osseous imion between the 
diaphysis and the epiphyses does not occur until the growth 
in length of the bone is completed. As the details roncem- 
ing the time of appearance and the ntimt>cr of these centers 
are to be found in the text-bijoks of anatomy, they are omitted 
here. 

Each bone of the carpns and 'if the tarsus ossifies from a 
single center, except the os oalcis, which has two ossific 
nuclei. The hones of ttie carpus are entirely cartilaginous at 
birth, their ossification beginning in the first year with the 
appearance of a center in the scaphoid. The pisiform Iwne 
is the last of the series to ossify, its ossification beginning in 
the twelfth year. 

The bones of the tarsus begirt t<j ossify earlier than those of 
the carpus. The os calcis and the astragalus present osseous 
nuclei In the sixth or seventh fetal month, and the eiiboid 
shortly before birth. With these exceptions the tarsal bones 
undergo ossification between the first and the fourth years. 

The metacarpal and the metatareal bones and the phalanges 
present each a center of ossification for the shaft and one 
epiphyseal center. In the case of the phalanges and of the 
metacarpal bone of the thumb and of the great toe, the epi- 
physeal center is at the proximal extremity, while in the 



J 



380 TEXT-BOOK OF EMBRYOLOGY. 

remaining metatarsal and metacarpal I>ones it is at the distal 
ead.' The ossification of the shaft Iwgins in the eighth or 
ninth week of fetal life; of tlie epiphyses, not until several 
years after birth. The development of the ungual or distal 
phalanges — of the liand, at least — is peculiar in that the 
ossification begins at the distal extremity, instead of in the 
middle of the shaft. 



THE DEVELOPMENT OF THE LIMBS. 

The limbs of vertebrates develop from little bnd-like 
processes (Fig. 51) that i^pring from two lateral longitudinal 
lidges, situated one on each side of the body. These ridges 
are not exactly jmrallel with the median plane of the IxHly, 
but convei^ somewhat toward that plane as they approach, 
the caudal end of the embryo. It results from this circum- 
stance that the posterioi- limbs are placed closer together 
than the anterior. In man, the limb-buiU appear soon after 
the third week. Each bud contains a basis of primitive con- 
nective tissue contributed by several somites, as well as mus- 
cular structure, which is the offshoot from the muscle-plates 
of a less number of primitive segments. 

The assumption of the origin of each limb-bud from more 
than one primitive segment is borne out by the nerve-supply 
of the fully-formed limb, each extremity being innervated by 
a number of spinal nerves (compare page 344). The con- 
nective tissue of the limb-bud produces the bony structures 
of the limb, while the outgrowths from tJie muscle-plates 
contribute their musculature. 

In the fifth week each limb-bud becomes divided, by a 
transverse groove, into two segments {Fig, 48, 12, 13), of 
which the distal part becomes the hand or foot, while the 
proximal portion very soon afterward divides into the 
fopearni and arm or leg and thigh. Even as eiirly as the 
thirty-second day. the digltation of the limb-bnds — in the 
case of the upper extremities — is indicated by four longi- 
tudinal parallel lines or grooves on the distal extremity 
' Quain'a Aiinlomy, lOlh edilioii. 
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of each (Fig. 48, 14). By the conversion of these grooves 
into clefts, the fiagers appear, in the sixth week, as separate 
outgrowths. The development of tlie upper extremities pre- 
cedes that of the lower by twelve or fourteen days, so that, 
when the fingers are present as distinct projections, the toes are 
just being marked off in the manner noted above for tlie 
fingers. The toes begin to separate, by the deepening of the 
intervening olefts, from the fiftieth to the fifty-third day. By 
the end of the eighth week, the fingers are perfectly formed, 
with the excepliori of the nails. The nails have their beginning 
in the seventh or eighth week, in little claw-like masses of epi- 
dermal cells, which are attached to the tips of the digits 
instead of to the dorsal surfaces. Subse(|iient transformations 
result in bringing the nail into its normal position on the 
dorsal surface of the distal phalanx. The nails are well 
formed by the fifth month, at which time the covering of 
modified epidermal cells begins to disappear. The extremity 
of the nail, however, does not break through so as to project 
beyond the finger-tip until the seventh month. A more 
complete account of the development of the nails will be 
found in cunnection with the origin of the skin (page 247). 

The Position of the Wmbs.— The [widdie-like limb- 
buds at first project laterally almost at right angles with the 
axis of the trunk. At this time the future dorsal surface of 
each limb looks toward the back of the fetal Ixxly (doi-sad), 
the future flexor surface toward its anterior aspect (ventrad), 
while the first digits — the future thumb and great toe — and 
consequently the mdius and tibia, oc.eupy the side of the 
member that is directed heiidwiird or cephalad, the future 
little finger and fift;h toe with the ulna and fibula looking 
candad. As the limbs enlarge and differentiate into their 
respective segments, they apply themselves to the ventral 
euriace of the body, this change in position being facilitated 
by the occurrence of the future elbow- and knee-flexions, 
which cause the flexor surfaces of the forearm and leg, re- 
spectively, to approach the corresponding surfaces of the 
upper arm and thigh. At about the same time, the distal 
segments, the hand anti foot, heconie Vient in the opposite 
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direction^ producing the condition of the limbs that is per- 
manent in the Amphibia — that is^ the condition in which the 
dorsal surface of the proximal segment of the limb fieuses in 
the same direction as the dorsal surface of the trunk^ while 
the middle segment is flexed and the distal is extended. To 
establish the permanent condition of the human limbs, there 
occur an outward rotation of the arms and an inward rotation 
of the lower extremities, on their long axes. The thumb and 
radius, therefore, instead of looking cephalad, are now di- 
rected dorsad — with the forearm in the supine position and 
the arm outstretched^-or laterad, away from the median 
plane of the body, if the arm hangs by the side in the ana- 
tomical position. By the inward rotation of the lower limb, 
the great toe and the tibia come to lie toward the median 
plane of the body, causing the extensor surface to look ven- 
trad, the flexor surface, dorsad. 



TABULATED CHRDNOLOQY OP DEVELOPMENT. 



Maturation of oTiim 
in Graafian follicle. 

Rupture of follicle. 

Entrance of ovum 
into oTiduct. 

Fertilintion. 


STAGE OF THE OVUM. 
FiMT Werk. Second Week. 


a«ii«ral 
duuraotan. 


Segmentation of fertilised 
ovum to form morula 
while passing along ovi- 
duct to uterus. 

Cleavage-cavity present, 
marking stage of blastula. 

Great increase in size. 

Cells of inner cell-mass re- 
arranged to form ento- 
derm and ectoderm. 

Outer cells become thin- 
cells of Rauber. 

Embryonal area. 

Primitive streak. 

Mesoderm. 

(Amnion completed at 4th 
or 5th day. Peters.) 

Trophoblast and early syn- 
cytium (Sd day). 


Ovum in uterus, embedded; 
in mucosa. ; 

Amnion. 

Chorion and iu villi (Fig. 
89). Vascularization of 
chorion and its villi. 

Yolk-sac partly formed. 

i 

! 

1 


Vasoiilar 
Syitem. 




Heart indicated as two tubes 
in Hplanchnic mesoderm. 

Vascular system repre- 
sented by vascular area 
of yolk-sac. 


DUMtiTe 

niyitem. 

1 




Oral pit (12th or 14th day). 
Ont-tract partly seiiarated 
from yolk-sac. 

1 
1 


Byitem. 




1 
1 

1 


Otmlto-urlnary 
Syitem. 




I 


Iklii. 






VflSTOlU 

Syitem. 




Medullary plate (14th day). 

1 

1 


Special Sense 
Organi. 




Nasal areas. 


Muoular 
Ssritem. 






Skeleton and 
Llmbi. 
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Tabulated Chronology of Development {Ootdinued), 



General 
Character!. 



Vascular 
System. 



DlgesUve 
System. 



Respiratory 
System. 



SUn. 



\ Nervous 
I System. 



I Special Sense 
Organs. 



Muscular 
System. 



Skeleton and 
Limbs. 



I 



STAGE OF THE EMBRYO. 
Third Week. Fourth Wkkk. 



Body of embryo indicated. 
Dorsal outline concave. 
Vitelline duct (2l8t day). 
Segmentation of paraxial 

mesoderm begins. 
Visceral arches and clefts 

begrin to appear. 
Nasofrontal process. 
Allantoic stalk (Fig. 46). 
Distinction betwot'ii chorion 

levc and chorion fron- 

doBum begins. 



Marked flexion of body (21st 
to 23d day); gradual un- 
coiling after 23d day. 

Viscerafarches and yolk-sac 
attain greatest develop- 
ment (28th day). 

Somites well formed. 

Well-marked tail (25th day). 

Lining cells of ccelom begin 
to flatten. 

Increased growth of allan- 
tois. 

Cephalic flexures. 



Heart with single cavity Division of atrium begins. 
present, soon dividing inlo i Completed condition of vitel 



atrium and ventricle. 
Vitelline circulation begun. 
Visceral-arch vessels begin 

to appear. 



line circulation 
Allantoic vessels developing. 



Gut-tract a straight tube con- i Alimentary canal presents 



nected with yolk-sac by a 

wide aperture. 
Livor-evagination present 
Oral pit a five-sideu fossa. 
Anal plate. 



pharvnx, esophagus, stom- 
ach, and intestine. 

Pancreas begun. 

Liver-diverticulum divides. 

Bile-ducts acquire lumina. 

Pharyngeal membrane 
breaks down. 



Pulmonary anlage as a longi- J Pulmonary anlage bif\ir- 



Qenito-urlnary 
System. 



tudinal protrusion of veh 
tral wall of esophagus, 
afterward becoming a 
stalked sac. 

Wolflian bodies recognizable. 



cates, the two pouches 
being connected by a ped- 
icle, the primitive trachea, 
with the pharynx. 



Segmentation 
mesoderm. 



of p>araxial 



Somites or primitive segw 

ments. 
Cutis-filate. 



Neural canal : its cells show 
differentiation into spon- 
gioblasts and germ-cells. 

Fourth ventricle indicated. 

Fore-brain, mid-brain, and 
hind-brain vesicles, soon 
dividing into five vesicles. 



cerebral vesicles 
roots of spinal 



Walls of 

thicken 
Ventral 

nerves. 
Anterior lobe of hypophysis 

begins. 



Auditory pit followed by otic 
I vesicle. 
' Olfactory plates. 
j Optic vesicles begin. 
I Lens-vesicles. 

Segmentation of para.xial 
mesoderm. 



Otic vesicle with receseus 

labvrinthi. 
Nasal pits distinct. 
Optic vesicle stalked and 

transformed into optic cup. 

Somites or primitive seg- 
ments. 
Myotomes. 



Segmentation of paraxial 

mesoderm. 
Notochord. 



Somites or primitive seg- 
ments. 

Skeletogenous sheath of 
chorda. 

Limb-buMs apivirent (about 
21st dav). 
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TAnn.ATXD Chbomologt or Development (Omd'aaarf), 

STAGE or THE FETL'fi. 

Van wm. si»TH Woe. 

Body ahowi dnn*l coacacll]- In neck- Naiofronul, lateral naial, uul muil- 
[Cglon. Urr pmroHi unite. 

Globular and lalvral ttual i>rciceu«. rmbiltcal veairle ibni. 

Lcciimal Kivure. AmnlUD larger. 

Third and fourth glII<leA« dliappear In 
it n aa pr«cervlomtl:4- 

tlmbllical curd lonevr bqi) mniv •pinl. 

UmbUlcal T»icle bi'sliu' \<> ehrink, 

■.enclh of (etiu I cm. il inrbi. 



Primllivc aorU dividu fnui aorta ani 
palmunary artery. 

The ontir mrpUKuIar elemenii of th 
blood during ib<> llr*l month ari; th 
piimltlve tiDClestcd red blood-cells. 



ntesline ihowi flexures, notably thR Flnit Indleatliin <■! leelh In the ronn of 

U-loop. Inau^irailng the distinction ibe denial abrlf. 

betn-pen lar^ and imBll boreL Suhmutllar]' )cland Indicated by eid- 

kDal pit. Ihcllal (lUturoH-ib, 

i CuodcDUm weliriiTined; cecum; rec- 



Rirhfcand lell btuncbl divide Inlu three laryni Indicated as dlltlatlon of pmi- 
andlwo tubri reapeelivcly (&th tu ith Imal end of tnubcs. 
week). 'Arytenoid carUligea Indicated (though 

□at carttla^nouni. 
Thyroid and Ihymua budlea begun. 



of head. 




1 Outer til.n.n. an.l ml.1.1!.- vawular tu- 
Eyelids' '^'"' 


1 

! 


MandlMes nnllc (JMh day). 

Llmb-bii.N «i-mi'nl. 
Dlgilalinn Indicated (3M day 


for ha 


1 /)Hvrli>wh.-i!ltiiito«"ifV. 
-larlclelH'KinvtoiisBiry. 
Klbs bi-uin to rhondrlfv. 
[Id. Bodies r.f Tcrtebr* arc fiirtilaiitnoua. 
PinKcrs as separate outjirowlha. 
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Tabulated Chronoloot of Development {CmUwued), 



Oeneral 
Oharaeten. 



Vascnlar 
Byitem. 



Dlgeftlye 
System. 



Respiratory 
Bystem. 



Oenlto-urlnary 
Bystem. 



sun. 



Nervous 
System. 



Special Sense 
Organs. 



Mnscular 
System. 



Skeleton and 
Limbs. 



STAGE OP THE FETUS. 



Skvbmth Week. 



Eighth Week. 



Fetal body and limbs well 

defined (Fig. ^). 
Head less flexed. 
No longer anv trace of 8yz^ 

cytium on decidua vera. 



Interventricular septum of 
heart completed, the heart 
now having four chambers. 

Other corpuscular elements 
added to blood during sec- 
ond month. 



Transverse colon and de- 
scending colon indicated. 



Head more elevated (Fig. 54). 
Free tail begins to disappear. 
Subcutaneous lymph-vessels 

present. 
Cells lining the coelom are 

true endothelium. 



Median and lateral lobes of 
thyroid unite. 



Maximum development of 
Wolffian body. 



Parotid Rland begins. 

True endothelium lines the 
body-cavity. 

Oall-bladder present (2d 
month). 

Anlage of spleen recogniz- 
able (2d month). 



Larynx lx»gin8 to chondrify. 
Formation of follicles of 
thymus. 



Miillerian ducts unite with ; 

each other. Genital groove. 
Bladder present as spindle- ' 

sliaped dilatation or allan 

t()i>. 
Suprarenal bodies rccogniz 

able. 



Nails indicated bv claw-like 
masses of epithelium on 
dorsal surfaces of digits. 



Corium indicated as a layer 
of s])lndle-cell8 beneath 
epidermis. Development 
of mammary glands begun. 



Fore-brain vesicles increase | Sympathetic nerves discern- 
in size disproportionately. i*)le 
Cerebellum indicated. 



Muscles begin to be recog- 
nizable, though not having 
as yet the characters of 
muscular tissue. 



External nose definitely 

formed (Fig. 155). ; 

T^ns-capsule. i 

Palpebral conjunctiva sepa- 
rates from cornea. 



Ossific centers for vertebral 
arches and for vertebral 
bodies; ossific centers for 
frontal bone and for squa- 
mosa. 

Membranous primordial cra- 
nium begins to chondrify. 

Claw-lilce anlages of nails. 



Ribs begin to chondrify. Cen- ' 
ters of 088ifi(!ation of basi- i 
sphenoid, of greater wings. ' 
of nasal and lacrimal 
bones, of malar, vomer, pal- , 
ate, neck of scapula, diaph- ' 
yses of long bones and of 
metacar]>al bones. Fingers 
perfectly formed. Toes be- : 
gin to separate (53d day). | 
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Tabulated Ghronoloot of Development (Oomtinued). 



STAGE OF THE FETUS. 
NiiiTH Week. Third Month. 



Weight, 15 to 20 fnrams; length, 25 to 90 Weight(endof month), 4 ounces; length, 

mm. (1 to 1| inches). < 2} Inches. 

Hard palate completed. At first chorion leve and chorion fron- 



Free tail has disappeared. 
; Differentiation of lymph-nodes begins 
(O. Schultze). Cloaca divided. 



dosum present : later, formation of j 
placenta (see Bccond frontispiece). i 



Pericardium indicated. 



Anal canal formed bv division of cloaca. 
(Anus opens at end of 2d month, ac- 
cording to Toumeux.) 



Placental system of vessels. 
Blood-vessels penetrate spleen. 



Mouth-cavity divided from nose (end of 
month). Soft palate completed (11th 
week). Papillae of tongue. Evagina- 
tion for tonsil. Intestine begins to re- 
cede within abdomen (10th week). Ro- 
tation of stomach. Vermiform appen- 
dix as a slender tube. Omental bursa. 
Gastric glands and glands and villi of 
intestine fairly well formed (imh 
week). Liver very large. Peritoneum 
hui( its adult histological chanicters. 



Epiglottis. 



External genitals begin to show dis- 
tinctions of sex. 

Ovary and testis distinguishable from 
each other. 

Kidney has its characteristic features. 

Urogenital sinus acquires its own aper- 
ture by di\ision of cloaca. 



Union of lestis with canals of Wolfflan 

Ijody complete. 
Testes in false jR-lvis. 
Ovaries deseeiul. 
Prostate >H*gun (12th week). 



Corium pro]HT present as distinct layer. 
Nails not <iuite perfectly formed. 
Heginnin>; of (levelopmenl of hair as 
solid ingrowths of epillieliiira. 



Corpus striatum indicated. j Cerebrum covers inter-brain. Fornix 

Corpora quadrigemina repreHenti*d by and corpus calloi^uni begun. Fissure 

two elevations on mid-brain roof itf Svlvius. ralcarine tb.sure. Crura 

eereOri. Resliforni bodies. Pons. 



External ear indicated (Fig. 154). 
(Sliary processes indicated. 



Eyet* nearly in normal position. 
Eyelids begin to adhere to each other. 



Centers of ossification of presphenoid, I Beginning ossification of occipital bone, 
of leaser wings of sphenoid, and of | of tympanic, of spine of scapula, of 
ihafta of metatarsal bones. ; os-ta innominata. 

CartilaKinous arches of vertebra* close. 
Limbs have definite shape ; nails almo&^t 
perfectly formed. 
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Tabulated Chronoloqy of Development (Ckmliniud), 



General 
Cliaracters. 



Vascular 
System. 



DUestlre 
llystem. 



Respiratory 
Bystem. 



Oenlto-urlnary 
System. 



Skin. 



Nervous 
System. 



Muscular 
System. 



Skeleton and 
Limbs. 



STAGE OF THE FETUS. 
Fourth Month. Fifth Month. 



Weight, 7) ounces ; length, 5 
inches. 

Head constitutes about one- 
quarter of entire body. 



Enamel and dentine of milk- 
teeth. Germs of permanent 
teeth (17th wk) ; (for Ist mo- 
lar, 16th wk}. Muscularis 
(longitudinal and circular) 
of stomach and esophagus. 
Intestine entirely within 
abdomen. Acid cells of 
peptic glands. Malpighian 
bodies of spleen. Anal 
membrane disappears. 



Special Sense 
Organs. 



Oils of tracheal and bron- 
chial mucous membrane 
ciliated. 



Sexual distinctions of exter- 
nal organs well marked. 
Closure of genital ftirrow. 
Scrotum. Prepuce. Pros- 
tate well formed. 



Papillae of corium. Subcuta- 
neous fat lirst appears. La- 
nugo or embryonal down 
on scalp and some other 
parts. 



Weight, 1 lb.; length, 8 in. 
Active fetal movements be- 
gin. Two layers of decidua 
coalesce, obliterating the 
space between vera and re- 
nexa. Lymphatic glands 
begin to appear. 



Heart very large. 



lu- 



Salivary glands acquire 

mina. 
Villi of large intestine begin 

to disappear. 
Liver very large. 
Meconium shows 

bile (sometimes 

fourth month). 



traces 
early 



of 
in 



Distinction between uterus 

and vagina. 
Hjrmen begins. 



Parieto-occlpltal fissure. 
(\)rporR albicantia. 
Transverse fibers of pons. 
Middle peduncles and chief 

fissures of cerebellum. 
Spinal cord ends at end of 

COCC^'X. 

Dei>08it of myelin on fibers 
of postorior roots, extend- 
ing to Burdach and GoU. 



Panniculus adiposus. 
Lanugo more abundant. 
Sebaceous and sweat-glands 
begin. 



Fissure of Rolando. Body of 
fornix and corp. callosiim. 
I/inpitudinal fibers in cru- 
ra cerebri. Superior pedun- 
cles. Anterior pyramids of 
medulla. Chief transverse 
fissures of lateral lol>e8 of 
cerebellum. Deposit of my- 
elin completed for tract of 
Goll and later of Burdach. 
and for short commissural 
fibers (Tourneax). 



Eyelids and nostrils closed. , Organ of Corti indicated. 
Cartilage of Eustachian tube. 



Osseous center for internal 

pterygoid plate. 
Antrum of Highmore begins. 
Ossification of malleus and 

incus. 
Tympanic ring. 



Differentiation of muscular 
tissue of arms. 

Ossification of stapes and pi>- 
trosa. Opisthotic and pro 
otic appear. Ossification 
bi^prins in middle and infe- 
rior turbinals and lateral 
masses of ethmoid. Inter- 
nal pter>'poid plate fuses 
with external. Tntermax- 
illarit's fuse with maxilla. 
Legs longer than arms. 
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Tabuuited Chronoloot or Development {Qmiinued). 



STAGE OF THE FETUS. 
Sixth Month. Seventh Month. 



Weight, 2 pounds : length, 12 inches. 
Vemix caseosa begins to appear. 
Amnion reaches maximum size ; amni- 
otic fluid of maximum quantity. 



Weight, 3 pounds ; length, 14 inches. 
Surface less wrinkled owing to increase 
of fat. 



Peyer's patches. 

Trypsin in pancreatic secretion (fifth 
or sixth month). 



Air-vesicles of lungs begin to appear. 



Walls of uterus thicken. 



Meconium in large intestine. 
Ascending colon partly formed. 
Cscum below right kidney. 



I 



Testes at internal rings or in inguinal 
canals. 



Vemix caseosa begins to appear. 
Eyebrows and eyelashes bejpn. 



Epithelial buds for sebaceous glands ac- 
quire luniina. Branching of cords of 
milk-glands. Ei)onychium of nails 
lost: nails said to break through. 
Lanugo over entire body. 



Collateral and calloso-marginal fissures. ' CVrebral convolutions more apparent. 



Body of fornix and corpus callosum 

complete. 
Hemispheres of cerebrum cover mid 

brain. 



Lobule of ear more characteristic. 



('or]H>ra (inadrigemina. 

Myellniition of fibers of direct cerel)ellar 

t rafts. (Crossed pyramidal tracts not 

until after birth.) 



Lens-cnpsulc begins to acquire trans- 
panMioy. Eyelids permanently oi)en. 
Pupilliiry menibrant; atrophies. 

DifTorentiatlnn of muscular tissue of 
lower extremities. 



Lesser wings unite with presphenoid. 
Meckel's cartilage bcflrins to retrograde. 
Oflsiflc nuclei of os caicis and astragalus. 



Busisphenoid and presphenoid unite 
(7th or 8th month). 
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Tabulated Chbonoloot of Dkvklopioent (OmdmAed). 





STAQE OF THE FETUS. 
Eighth Month. Ninth Month. 


Oenirml 
Cliaraoton. 


Weight, 4 to 5 pounds ; length, 

ISlnches. 
Body more plump. 


Weight, 6 to 7 pounds ; lei 

201nchefl. 
Umbilicus almost ezscl 

middle of body. 


Vascular 






DUestlye 
System. 


Ascending colon longer. 
Csecum below crest of ilium. 


Meconium dark greenia 


Respiratory 
System. 






Qenito-nrliiary 
System. 


Testes in inguinal canals. 


Testes in scrotum. 
Labia maJora in contact 


Skin. 


Vemix caseosa covers entire 

body. 
8kln brighter color 
Lanugo begins to disappear. 
Nails project beyond nnger- 

tips. 
Increase of subcutaneous 

fot. 


Lanugo almost entirel; 

sent. 
Galactopherous ducts 

milk-glands acquire 

mina. 


Nenrons 
System. 




Spinal cord ends at last 
bar vertebra. 


Special Sense 
Organs. 




Ossification of bony la 
spiralis and of modio 

Neuro-epitlielial layer ( 
tina completed ; mi 
still absent. 

Choroidal fissure closes. 


Muscular 
System. 






Skeleton and 
Limbs. 




Ossification in lower e 
ysis of femur, some! 
also in upper epiphys 
tibia and humerus. 

Tymjmnohyal begins t 
sify. 

Ossific nuclei for body 
great horn of hyoid 1 
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ArteriiU sjstem. feUl. 149 
Arteries, alhuitoic. el, 148 
ambilicaL 93, 149 
vitelline, 137 
Arteiy, carotid, common, develop- 
ment of, 151 
external, development of, 151 
internal, development of. 151 
innominate, development of. 152 
middle sacral, development uf, 150 
polmonary, development of, 152 
subclavian, left, development of, 
152 
right, development of, 151 
superior vesical, 166 
Arytenoid cartilages, development of, 

2U7 
Ascending colon, formation of. 186 
mesocolon, formation of, 186 
root of fifth nerve, 206 
root of vagus, 266 
Aster, 41 

Atlatt, formation of. 355 
Atresia of pupil, 314 
Atrioventricular caual, 141 

valves, 142 
Atrophic tubules of Wolffian body, 

216 
Attraction-sphere, 41 
Auditorv apparatus, development of, 
321 
meatus, external, formation of, 332 
nerve, formation of, 2J»7 
nucleus, lateral accessorv, 297 
pit, ;i22 
Auricle, development of. 333 
Auricles, division into right aud left. 

Auricular ap]KMulages. 144 

(*anal. 141 
Auriculrjvfiitricular a|K'rtures, 145 

valvi-s. 1 1<> 
Axial filur of s|>ermatozoon, 20 

sk<'leton. .'UT 

(Ifvclopnictit of, .34'^ 
Axis. (l(;v«'lopni("it of, .'>.'> 1 
Axis-cylinder ]>n>cess, 2f)(> 

Haktiioi.in. glands of, 237 
liasal «an^'lia, 279, 2S() 

lamina. '2CAi 
Hasi-occijiital bono, .'JG4 
HasispluMioid. 'MS 
Ilflly-stalk, 7<; 
Hifnl ntrrns. 2:iO 

Hih'-capillarii'S. formation of, 192 
liilr-ducts. formation of. HKi 
Iila<M<'r. (Irvclopmcnt of, 232 
IJlastopon-, 47 
Blast u la. stagi; of, 45 
lilood. dcvi'lopmcnt of. ll.'), !.'».'> 
lilood-corpuscic**. Tvi\, ])rimitive, 136 ; 
Itlood-islands. of Pander, 135 I 

HI<MMl-lacunje, K7 I 

"Him- ba»>y," U.'J I 



Bodies, polar, 31 

Body of vertebra, formatioii oC 358 

Body-cavitj. 55, 58, 197 

Body-wall, deTelopment of moades 

formation of, 71 
Bony eochlea, development oC 327 

labyrinth, development oC 33S 

semicircular canals, J27 
Bowman, capsule of, 216, 217 
Brain, development of, 202 
Brain-case, 358 
Brain-membranes, development ot 

278 
Brain-vesicles, 262 

derivatives of. 292 
Branchial arches, 103 

development of, 344 
Bridge of nose, development oi, 338 
Bmnuer, glands of, 189 
Bulbus arteriosus, 142 

vestibuli, 237 
Bardach. tract of, myelination of^ 388 
Bursa, omenUl, 187, 200 

pharyngeal, 124 
Bursal sacs, development of^ 115 

Caducous membranes, 85 
Caecum, development of^ 185, 186 
Calcar avis. 284 
Calearine fissure, 279, 284 
Callosomarginal fissnre, 285 
Calyces of kidney, formation of, 218 
Canal, anal, 233 

atrioventricular, 141 

auricular, 141 

hyaloid. .'Ur> 

nn'dullary, (>2 

neural. <>'i. 2.V>. 257 

ncurcntcri<\ <»<). 257 

of anus, l.Hi 

of His, i:«. 20*^ 

of Nnck. 2:« 

of St ill in t;. M'y 
Canaliculi. lacrimal, development of, 

32<) 
Canalis rcunicns. '.i24 
Capsule of liowman, 216. 217 
Cardinal veins. 14>, 154 
Carotid artery, c<»mmon, development 
<.f. 151* 
external, development of, 151 
internal, development of, 151 
Carpus, development of bones of, 379 
Cartilage, formation of. 115 

Meckel's. 104, :C2 

Rei<'hert's. 104 
Cartilage cells, 115 
Cartilaginons capsule of cochlea, 328 

craniun). 3(»0 

ear-capsule, 320 

ribs. ."{50 

slu'ath of spinal cord, 353 

stage of skeleton. ,'I4S 
of trunk skeleton, 351 
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Ouidal aorta^ 150 
Cavity, amniotic, 76 

pleoroperitooeal, 58 

segmeutation, 45 
Cell-mass, inner, 45 

intermediate, 69 

outer, 45 
Cells, sexual, 29 

mesenchymal, 58 
Cementum of tooth, 125 

development, of, 129 
Central canal of cord, formation of, 
262 

lobe, formation of, 281 
Centrolccithal ova, 25 
Centrosome, 41 
Cephalic flexure, 101, 264 

ganglia, development of, 296 
Ceratobyal, 376 

Cerebellum, development of, 268 
Cerebral fissures, development of, 278 

vesicles, 262, 263 
Ceruminous glands, 250 
Cervical fistula, 105 

flexure, 101 

rib. 354, 357 
Chalazse, 27 
Chambers of eye, 318 
Chorda dorsal is, 65 
formation of, 348 

stage of, :M8 
Chords tcndinesB, 146 
Chordal epithelium, 349 

plate, 66 

region of primitive skull, 361 
Choriata, 84 
Choriocapillaris, 316 
' Chorion, 82 

frondosum, 84 

leve, 83 

primitive, 82 

true. 82 
Choroid, coloboma of, 316 

development of, 316 

fissure, 282, 283 

plexus, 284 

plexuses of fourth ventricle, 267 
Choroidal fissure, 300, 316 
Chromatin substance, 25 
Cicatricula, 26 
Ciliary body, development of, 31G 

ganglion, 29(> 

muscle, development of, 316 

processes, develo])ment of, 309, 316 
Circulation, allantoic, 81, 148 

placental, l^iT) 

portal, 161 

vitelline, formation of. 135 
ClaustTum. 271 > 
Clavicle, development of, 378 
Cleavage, kinds of, 43 

of ovum, 41 

partial discoidal, 44 
peripheral, 44 

total equal, 43 



Cleavage, total unequal, 43 
Cleavage-cavity, 45 
Cleavage-nucleus, 39 
Cleavage-planes, 42 
Cleft palate", formation of, 125 

sternum, \\S7 
cause of, 74 

uvula, formation of, 125 
Clefts, visceral, 101 
Climacteric, 35 

Clitoris, development of, 235, 236 
Cloaca. 173, 179, 233 
Cloacal depression, 180. 233 
Closing membrane, 102, 106, 177 
Coccygeal curve, 101 

vertebrse. ossification of, 356 
Cochlea, bony, development of, 327 
Cochlear duct, formation of, 323 

ganglion. 297 

nerve, 329 
Ccelenteron. 47. 49 
Ccelom, 55, 58, 197 
Collateral fissure, 279, 284 
Coloboma of choroid, 316 

of iris, 318 
Colon, ascending, formation of, 186 

descending, formation of. 184, 186 

transverse*, formation of, 186 
Columnie eiirnetp, 140 
Commissures of brain, development 
of, 279 

of cord, white, 260 
Conarium, 274 

modifications of, 274 
Cone- visual cells, 307 
Congenital atresia of pupil. 314 

diaphragmatic hernia. 161 

feeal fistula, 19<) 

hernia, 2*26 

umbilical hernia, 188 
Coni vasculosi, formation of, 223 
Connective tissues, development of, 

113 
Constructive stage of menstrual 

cycle. 35 
Copula of hyciid bone, 363 
! Oiracoid bone, 377 

process of scapula, 'r77 
Cord, spinal, development of, 257 

umbilical, J)2 
Cords of cells. 1^5 
Coriuni, development of, 245 
Cornea, development of, 315 
Corona radiata, 23, 29 
Coronarv' lipament. 193 
of liver, 202 
I sinus of luart, 156 
I valve, 141 
CorjK)ra allncantia, 272 
i bigemina, 271 

cavern^wa, formation of, 238 

quadrigemina. 271 
Corpus callosum. formation of, 285, 
2H7 

hcmorrhagicuni, 33 



^^H ^BH^^^^I 




Development dnrinBthirdiiuiDtli.lOB ^^^H 


^^M 3t 


during third week. lUU ^^H 


^^M or meuatniatlon, 31 


length of lime nwessary for, 18 ^^M 


^^H 31 


tAbulated chronology of. 3^3 ^H 


^^^H spongioauDi, rurmatinn of, 339 


tbeoriefl of. IT ^H 


^^^H striatum, 370 




^^H OarpuBGlc of Hms»\. 210, 211 




^^^H Carti, orgBQor, 325 


161 ^H 


^^^H OmUI ptowbb of vetlebn, formation 


ligament. 225 ^H 


^^H of, 353, 356 




^^^H Cotyledons of placenU, 89 


168, 385-390 ^H 


^^H Coveriiitc bones. 359 




^^^^H Cowper, glAQils of, 239 




^^H Cnnial capaale, 358 


Direct cerebellar tract, myelinatlon ^H 




or. 385 ^M 




DiBcoidal cleavage, [lartial, 44 ^^M 


^^H membranous. 35{> 




^^M nsseoDS. 363 


Disk, germlnatlve, 26 ^^M 


^^H Cristie scoBtien, 3S5 


Dorsal carve, 101 ^^M 




mesentery. 173 ^^M 


^^H of, 309 


Doublg monster, origin of, 51 ^^M 




iitiirns -230 ^^^B 




Dui^t of Cuvier. 148, 151. 160 ^^M 


^^B CryptorchiBin. 2-M 


mesonephnc.214 ^^M 


^^^B Crystalline lens, development of. 312 


at Gartner. 231 ^^M 


^^M Cntis-plate, (», 245. 341 


of Muller, 220, 221, 230, 24S ^^H 


^^H Cnvler, dnct of, 14S, 151. 160 


of Ratbke. 22.^ ^^H 




proncphric. 213 ^^H 
segmental. 213 ^^^H 
thyrogloasal. 133, 208 ^H 


1^^ DACOBTBS CKLIA 22 


" Daii Kilter- wreaths, 1! 


thyroid. 208 ^^M 


DcciduB men«tnia1i9. 36.85 


vLtelline, 72, 78. 169 ^^H 




Wulffian, 214 ^^H 


1 reBeia, 86 


Dnctus Araiitii, 164 ^^M 


^^m serotina, 86, 91 




^^B vrra.86 


of. I»3 ^H 


^^H Decidual. 85 




^^B D«n<lrit<s, -200 


VenosuB, 93. IM ^H 


^^^M Denul gmove, 126 




^^H papilla, 127, 128 




^^m proccaSHi. 129 


Eab, external, development of. 331, ^H 


^^m Hdize, 1^ 


333 ^H 


^^P shelf, 1S5 


internal, development of, 321 ^^H 


^■^ Dentals, 374 


middle, development of. 331 ^^M 


f Dentate flssore. 279, 283 




' Dentinal fibers, 129 


Ectoderm, 47, 18 ^^H 


tubules. 129 


derivatives of, 59 ^^H 


Dentine, 125 


Egg. ultimate origin of, 29 ^^^1 


Dermal bonex. 35B 


Egg-colnmns, 29. 237 ^^M 


navel, 74 


Egg^nvclopes. 33 ^^H 


Descending colon, formation of, 186 


Egg-plasm, 34 ^H 


Descent of teatioles. 225 


Egg-tubes, primary. 29 ^^^| 


Destmctive stage of nienstnial cyoln, 


Eighth month, development dnrjtie, ^^H 




llt.SW) ^^M 




pair cranial nerves, develupment ^^H 


of ovum. 24 


of, 390 ^^M 


Development doriuK eiglith mouth. 






Bliacntatory dnct, formation of. SU ^^^1 


during ciKhth week, 108 




dnrinKflftb month, 110 


Eleventh pair of cranial nerves. 300 ^^M 


during fifth week. 107 




during ninth mouth. Ill 


Embryo, diOereutistiou of. 61 ^^M 


during second month. 107 


of eight-and-a-half weeks, 110 ^^M 


during seventh month. 110 


of fifteenth day. 98 ^^M 


during sixth month. 110 


of weeks, 107 ^^H 
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Embryo of thirteenth day, 97 

of three weeks, 101 

of twenty-eight days, 106 

segmentatioii of body of^ 69 

stage of, 19, 96 
Embryology, defined, 17 
Embryonal area, 50 

down, 250 
Embryonic crescent, 51 
Eminentia collatenilis, 285 
Enamel of milk teeth, formation of, 
128 

of teeth, 125 
Enamel-cells, 127 
Enamel-germ, primitive, 126 
Enamel-germs of permanent teeth, 

129 
Enamel-prisms, 127 
Enamel-sac, 126 
Endocardium, 140 
Endochondral bones, 359 
Endolymph, 331 
Endoskeleton, 347 
Endothelinm, formation of, 58, 115 
EnterocoDl, 55 
Entoderm, 47, 48 

derivatives of, 59 
Epencephalon, 268 
Ependyma, 286 
Ependymal layer, 260 
Epiblast, 47 

Epidermis, development of. 215, 246 
Epididymis, formation of, 2*23 

head of, 223 
Epigcnesis, doctrine of, 18 
Epihyal, 376 

Epiotic center of ossification, 366 
Epithelium, germinal, 27, 29, 221 
Epitrichium, 246 
Epouychium. 248 
Epoophoron, 231 
Ethmoid bone, ossiflcation of, 369 

cribriform plate of, 362 
Ethmoidal Hi nun, development of, 337 
Eustachian tube, development of, 331, 
332 
formation of, 177 

valve, 144 
Evertebral region of primitive skull, 

361 
Exoccipitals, 364 
Exoskeleton, 347 

Exstrophy of bladder, cause of, 74 
External siuditory meatus, formation 
of, 332 

ear, development of, 331, 333 

fertilization, 38 

genitals, female, 236, 243 
male, 237, 244 

organs of generation, 234 
Eye, development of, 122, :«>2 
Eyelashes, development of, 319 
ilyelid, third, 319 
Eyelids, development of, 318 

primitive, 122 



Face, development of, 106, 118 
Facial ganglion, 297 
Falciform ligament of liver, forma- 
tion of, 193 
lobe, 285, 289 
Fallopian tubes, development of^ 230 
False amnion, 73 
Falx cerebri, 278 
Fecal fistula, congenital, 190 
Female external genitals, 236, 243 
internal genital organs, 226 
pronucleus, 32 
sexual system, 243 
Fertilizatiou, 38 
artificial, 40 
external, 38 
internal, 38 
Fetal arterial system, 149 
membranes at birth, 94 
vascular system, final stage of, 165 
venous 8yst<;m. 153 
Fetus, length of, at term, 111 
stage of, 20, 107 
weight of, at term. 111 
Fiber-tracts of cord, development of, 
201 
myeli nation of, 388. 3«9 
Fibrillffi of muscle, formatiou of, 342 
Fibrous tunic of eye, development of, 

315 
Fifth brain-vesicle, metamorphosis 
of, 2<M 
month, development during, 110, 

38S 
pair cranial nerves, development 

of, 2fm 
ventricle, 2H8 

week, development during, 385 
Fimbriii. 2K') 

Finjjers. development of, 381 
First pair cranial nerves, develop- 
ment of, 2<J0 
I week, development during, 393 
; Fissure, arcuate, 2«i, 283 
' ealcarine, 279, 284 
ealloso-marjrinal, 285 
choroid, 2H2, 2a3 
ehoroidal, 306 
I collateral, 279. 284 
! dentut*', 27J», 28.3 

great transverse, 280, 284 
hippocampiil, 283 
of choroid plexus, 283 
of Rolando, 281 
of Sylvius. 279, 280 
parieto-oci'ipital, 284 
Fissures, cerebral, development of, 
278, 279 
median of cord, 261 
Fistula, congenital fecal, 190 

umbilical urinary, 233 
Flexure, cephalic, 101, 264 
nuchal, 264 
pontal, 264 
Floor-plate, 257, 258 
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Fold, pleuropericardial, 160 
Folds, medullary, 64 
Follicle, Graaflau, 27 

of tooth, 129 
Forameu cfficum, 133, 206 

commune anterius, 282 

of Monro, 2T7, 282 

of Winslow, 203 

ovale, 143 
Fore-brain, 262, 278 

secondary, 263 

vesicle, 65 
metamorphosis of, 278 
Foregut, 73 
Formative yolk, 24 
Fornix, formation of, 285, 286 
Fossa of Sylvius, 280 

oral, 175 
Fourth month, development during, 
109,388 

pair cranial nerves, development 
of, 299 

ventricle, 267 
development of, 265, 270 

week, development during, 384 
Fretum Halleri. 142 
Frontal bone, ossification of, 370 

lobe, 282 

sinuses, development of, 337 
Funiculus solitarius, 266 

Gall-bladder, development of, 192 
Ganglia, cephalic, 296 

spinal, 293 
Gangliated cord of the sympathetic, 

301 
Ganglion, acoustic, 297 
acusticofacial, 297 
cephalic, fourth, 297 

third, 297 
ciliary, 296 
coclilear, 297 
facial, 297 
Ghisserian, 396 
ophthalmic, 296 
fipirale. 326 
trigeminal, 297 
vestibular, 326 
Ganglion -cell layer, development of, 

309 
Gartner, duct of, 231 
(Jjisserian ganglion, 296 • 

(ijirttral mesoderm. 55 
Gastrohepatic omentum, 192, 202 

formation of, 188 
Ga.<<trosplenic omentum, 195 
Gastrnla, 47 
mammalian, 48 
stage, 47 
Generative organs, external, develop- , 
nient of. 234* I 

internal, development of, 220 i 
Genital cord, 220 I 

eminence, 235 j 

in male, 2:58 ' 



Genital folds, 235 
in female, 236 
in male, 239 

gland, indifferent, 242 

groove, 235 

ridge, 220, 233 
in female, 237 

ridges, 29 
Genito-urinary svstem, deyelopment 

of, 212, 383-390 
Germ-cells, 221 
Germ-disk, 25 
Germ-layers, 47 

derivatives of, 58 
Germinal epithelium, 27, 29, 221 

spot, 23, 25 

vesicle, 23, 25 
Germinative disk, 26 
Girald^ organ of, 224 
Glands of alimentary tract, forma* 
tion of, 189 

of Bartholin, 237 

of Brunner, development of, 189 

of Cowper, development of, 239 

of intestine, development of, 189 

of Lieberkiihn, development of, 
189 

of Moll, 250 

of stomach, development of, 189 
Glandular area, 251 

hypospadias, 239 
Glans clitoridis, formation of, 235 

penis, formation of, 235, 238 
Glaserian fissure, 367, 373 
Globular processes, 107, 120, 334 
Glomerulus of kidney, 213, 216, 217 
Goll. tract of. myeli nation of, 388 
Graafian follicle, 27 

development of, 228 
formation of new. 229 
Gray matter of brain, formation of, 
279 
of medulla, development of, 20() 
Great omentum, formation of, 187, 

201 
Groove, dental, 126 

lacrimal, 108, 120 

medullary, 63 

naso-optic, 320 

primitive, 52 

pulmonary, 205 

transverse crescentic, 372 
Gubernaculum testis, 225 
Gum, dc'velopment of, 124 
Gut, postanal, 179 
(4ut-tract, 72, 73. H?9, 171 
Gyrus fornicatus, 21*1 

uncinatus, 291 

Hair, development of. 248 
Hair-bulb, 248 

development of, 249 
Hair-follicle, 248 

(levelo])ment of, 249, 250 
Hair-germs, 249 
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Hard palate, deyelopment of, 371 
Hare-lip, 122, 371 
HaBsal, corpascles of, 210, 211 
Head, muscles of, development of, 
343 

of epididymis, 223 

of spermatozoon, 20 
Head-fold, 72 

of amnion, 72, 75 
Head-gut, 171 
Head-kidney, 212 
Head-process of primitive streak, 54, 

62 
Head-segments, 340 
Head-skeleton, development of, 358 
Heart, development of, 138 

metamorphosis of single into double, 
142 

valves, development of, 144 
Helix, formation of, 333 
Hemal arch, formation of, 352 
Hen's egg, description of, 25 
Hensen's node, 54 
Hepatic cylinders, 192 

vein, development of, 164 
Hermaphroditism, 239, 244 
Heniia, congenital, 226 

umbilical, 188 
Highmore, antrum of, development 

of, 336 
Hilum folliculi. 29 
Hiud-brain, 262, 268 

secondary, 263 

vesicle, 65, 268 
Hindgut, 73, 171 
Hippocampal Assure, 283 
hippocampus major, 283 

minor, 284 
His, canal of, 133, 208 
Holoblastic ova, 43 
Homogeneous twins, origin of, 51 
Homologies of the sexual system, 240 
Hyaloid artery, formation of, 314 

canal, 315 

membrane, formation of, 315 
Hydatid of Morgagni, 224 

sessile, 224 

stalked, 224 

unstalked, 224 
Hydramnios, 77 
Hymen, formation of, 237 
Hyoglossus, origin of. 345 
Hyoid arch, anterior, 363 
posterior, 363 

arches, 104 

bar, 363 

bone, development of, 363, 375 
Hyoidean apparatus, 375 
Hyomandibular cleft, 104 
Hypobhust, 47 
Hypochordal brace, 351 
Hypophysis, 276 

formation of, 123 
Hypaspadias, 239 

glandular, 239 



Iliac segment of pelvic girdle, 378 

vein, left common, development ot, 
156 
Imperforate anus, 180 
Impressions, maternal, 109 
Incus, development of, 362, 373 
Indifferent genital gland, 242 

sexual gland, 221 
Inferior medullary velum, 268 

peduncles of brain, 266 
Infundibula of lungs, development of, 

207 
Infundibulum of brain, 272, 276 
Inguinal ligament, 225 

in female, 231 
Inner cell-mass, 45 
Innominate artery, development of, 

152 
Inter-brain, 263, 272 

vesicle, metamorphosis of, 272 
Intermaxillary bones, formation of, 

124, 371 
Intermedial cell-mass, 69, 341 
Internal ear, development of, 321 

fertilization, 38 

lateral ligament of lower jaw, 374 

limiting membrane of spinal cord, 
259 
Interpallial fissure, 278 
Intervert4?bral disks, 351, 353 

ligament, development of, 352, 353 
Intervillous spaces, 87, 92 
Intestinal canal, formation of, 71 

glands, development of, 189 

mesentery, 198 

mucosa, formation of, 172 

villi, formation of, 189 

portals. 73, 169 
Intestine, small, development of, 185, 

188 
Intcsti no-body cavity, 47 
Intumescentia ganglioformis, 326 
Involuntary muscle, development of, 

346 
Iris, coloboma of, 318 

development of, 317 
Ischiatic rod, 378 
Island of Reil, 281 

Ja(x>B8on'8 organ, development of, 

337 
Jaw, upper, development of, 122 
Jaw-arch. 104 
Jelly of Wharton, 93 
Joint-cavities, development of, 117 
Jugular vein, primitive, 148, 154 
transverse, 156 

Kidney, development of, 212 

Labia nia^jora, 237 

minora, formation of, 237 
Labyrinth, bony, development of, 326 

membranous, development of, 321 
Lacrimal bones, ossification of, 370 
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Lacrimal canaliculi, 320 

caruucle, 319 

duct, development of, 320 

glaud, development of, 319 

groove, 108, 120 

sac, development of, 321 
Lamina cinerea, 272, 275 

quadrigemiua, 271 

spiralis, bony, development of, 330 

termiualis, 2t& 
Langhans' layer, 87 
Lanugo, 110, 250 
Larynx, development of, 207 
Latebra, 27 
Lateral cartilage of nose, 369 

folds of amnion, 72 

frontal processes, 107, 120, 122 
in formation of nose, 134 

ligaments of liver, 193 

nasal process, 320, 334 

plate of mesoderm, 57 

plate of somite, 55 

ventricle, development of, 279 
Length of fetus at term, 111 
Lens, crystalline, development of, 

312 
Lens-area, 304 

Lens-capsulo, development of, 313 
Lens-pit, 312 

Lens-vesicle, 99, 122, 304, 312 
Lenticular zone of optic cup, 309 
Lesser omentum, 202 
formation of, 188 
Levator palati, origin of, 345 
Lids, union of edges of, 319 
Licberkiihu, glands of, 189 
Ligament of ovary, 232 
Ligaments of liver, formation of, 192 
Ligamenta intermuscularia, 350 

suhflava, 353 
Ligulae, 2()7 
Limb-buds, lOft. 380 
Limbic lobe, 285, 289 
Limb-muscles, development of, 345 
Limbs, bones of, development, 379 

development of, 380, 383-390 

position of, 381 
Limiting membrane, inner, formation 
of, 307 
outer, formation of, 307 
Lip. upper, development of, 124 
Liquor aiunii, 7(5, 77 
function of, 77 

folliculi, 29, 228 

of Morgagni, 313 
Liver, development of, 190 

first rudiment of, 181 

ligHnicnts of, formation of, 192 
Liver-ridge, 159, 191 
I^obcs of liver, 191 
Lobule of ear, development of, 333 
Longitudinal fiber-tracts of medulla, 
266 

fissure of brain, 278 
Lower jaw, ossification of, 372 



Lumbar rib, 357 

vertebne, ossification of, 355 
Lungs, development of, 205 
Lymph, formation of, 115 
Lymph-clefts, development of, 117 
Lymph -sacs, development of, 116 
Lymph-spaces, development of, 116 
Lymphatic system, development of, 
116 

vessels, development of, 117 
Lymphoid follicles of t'Onsil, 178 

tissue, development of, 117 

Macula lutea, formation of, 309 
Maculae acusticse, development of, 325 
Malar bone, ossification of, 370 
Male external genitals, 237, 244 

internal genital organs, 222 

pronucleus, 39 

sexual system, 222, 242 
Malleus, development of, 362, 373 
Malpigbian corpuscle, development 
of, 195, 217 
primitive, 216 
Mammalia deciduata, 89 

indeciduata, 89 
Mammals, blastula of, 45 
Mammary gland, development of, 251 
Mandible, ossification of, 372 
Mandibular arch, 104, 123, 360 
Mantle layer, 260 
Marginal sinus, 92 

zone of optic cup, 310 
Marshall, vestigial fold of, 156 
Maternal impressions, 109 
Maturation of ovum, 30 

theories of, 32 
Maxilla, superior, ossification of, 371 
Maxillarv arch, 104 

process, 123, ?A\0 
Meatus, external auditory, 332 

urinarius, male, 239 
Meckel's cartilage, 104. 362, 372 

diverticulum, formation of, 190 

ganglion, 298 
Meconium, 111 
Median fissures of cord, 261 

lobe of cerebellum, 268 
Medulla oblongata, development of, 

265 
Medullary canal, 62 

cords, 229 

folds, 64, 255 

furrow, ()3 

groove, 63 

plate, ()2, 255 

tube, 255 

velum, anterior, 269 
inferior, 268, 270 
Meibomian glands, development of, 

319 
Membrana adamantina, 127 

basilaris of cochlea, formation of, 
330 

eboris, 129 
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Membrana grmnaloMt, 29 
formation of, 2^ 

jirsefonnativa, 129 
Membrane, anal, 176 

closing, 102, 106, 177 

nuclear, 25 

of Nasmyth, 128 

of Beiflsner, 390 

pbaryngeal, 106, 119, 171, 175 

vitelline, 23, 24 

tympanic, 177, 332 
Membranes, cadacoos, 85 

deciduous, 85 
Membranous bones, 359 

cranium, 359 

labyrinth, development of, 321 

ribs, 356 

stage of skeleton, 348 
of trunk, 349 
MenoiMiuse, ^ 
Menstmal cycle, 35 
Menstruation, 35 

relation of, to ovulation and con- 
ception, 37 
Meroblastic ova, 44 
Mesencephalon, 270 
Mesenchymal cells, 58 

muscle, 346 
Mesenchyme, 58 
Mesenteries, 173 
Mesentery, intestinal, 198 

ventral, 187 
development of, 202 
Mesoblast, 54 

Mesoblastic somites, 57, 67 
Mesocardium anterius, 139, 158 

poster! us, 139, 158 
Mesocolon, ascending, production of, 
186 

formation of, 186 
Mesoderm, 54 

derivatives of, 60 

gastral, 55 

paraxial, 57 

peristomal, 55 

somatic. 58 

splanchnic, 58 

structures developed from, 113 ei 
seq. 
Mesogastrium, 187, 198 
Mesonephric duct, 214 
Mesonephros, 213, 241 
Mesorchium, 225 
Mcsothelium, 58, 115 
Mesovariiim, 225 
Metacar]>al bones, development of, 

379 
Metamorphosis of single into double 

heart, 142 
Metanephros, 217, 241 
Metatarsal bones, development of, 

379 
Metencephalon, 264 
Metopic suture, 370 
Metopism, 370 



Micropyle, 23, 39 
Mid-brain, 262, 270 

prominence of, 264 

vesicle, 65. 270 
Mid-gut, 171 
Middle ear, development of, 177, 331 

piece of spermatozoon, 20 

plate, 69, 212, 341 

sacral artery, development of, 150 

tunic of eye, development of, 315 
Modiolus of cochlea, development of^ 

329 
Moll, glands of, 250 
Monorchism, 226 
Monro, foramen of, 277, 282 
Mons veneris, formation of, 237 
Morgagni, hydatid of, 224 

liquor of, 313 
Morula, 41 
Mother-cells, 22 
Motor nerve-fibers, development of, 

295 
Mouth, development of, 122, 175 
Mucous tissue, formation of, 114 
Mulberry-mass, 41 
Miiller, duct of, 220, 224, 230, 242 
Miiller's fibt^rs, 307 

Muscle, involuntary, development of, 
346 

voluntarv, development of, 339 
Mu8cle-i»lttte, 69, 341 

metamorphosis of, 342 
Muscles, branchial, development of, 
344 

of extremities, development of, 345 

of trunk, development of, 339 
Muscular coat of intestines, forma- 
tion of, 188 

system, development of, 339, 383-390 
Musculi papillares, 147 

pectinati, 140 
Myoca'l, 341 
Myotome, 69, 341 

Nail-bed, 248 
Nail-plate, 247 
Nails, development of, 247 

of toes, 24H 
Nail-welt, 248 
Nares, anterior, formation of, 134 

development of. 336 
Nasal areas, 133. 334 
hones, ossification of, 370 
capsule, 3<)2 

cavities, development of, 336 
pits. 107, 120, i:«, 334 
process, 120. 334 
lateral. 320, 334 
Nasmyth, membrane of, 128 
Nasofrontal process, 104, 107, 120, 122, 
3ai, :i60 
in development of nose, 133 
Naso-optic furrow, 120, 122 
in formation of nose, 134 
groove, 320 
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Nephrotome, 69, 214» 241, 341 
Nerve-cells, formation of, 258 

of cord, formation of, 260 
Nerve-corpuscles of neurilemma, 295 
Nerve-fiber, envelopes of, formation 
of, 295 

layer, development of, 309 
Nerve-fibers, cranial, development of, 
296 

motor, development of, 295 

sensory, development of, 293 
Nerve-trunk, spinal, development of, 

295 
Nervous system, development of, 254, 
383-390 
peripheral, development of, 292 
sympathetic, development of, 300 
Neural arch of vertebra, formation of, 
352 

canal, 62, 255, 257 

crest, sedimentation of, 294 

crests, 294 

tube, 255 
Nenrenteric canal, 66, 257 
Neurilemma, formation of, 295 
Neurit, 254, 260 
Neuroblasts, 258, 260 
Neuro-epithelium of retina, develop* 

ment of. 309 
Neuroji^lia, 258, 259 

layer, 260 
Neurons, 254 

Nictitating membrane, 319 
Ninth month, development during, 
111, 390 

pair cranial nerves, development of, 

• 300 

week, development during, 387 
Nipple, development of, 252 
Node, Hcnsen's, 54 
Nose, development of, 133, 334 
Notochord, 65 

Notochordal stage of skeleton, 348 
Nuchal flexure, 264 
Nuck, canal of, 232 
Nuclear juice, 25 

layer, of retina, out^r, 308 

membrane, 25 

spindle, 41 
Nucleus amygdalte, 279 

cleavaKC-, 39 

of ovum, 25 

segmentation-, 39 
Nutritive yolk, 24 
Nyniplue, formation of, 237 

Obkx, 267 

Occipital bone, ossification of, 364 

lobe, 282 
Odontoblasts, 129 
Odontoid process, development of, 

355 
Olfactorv bulb, 290 

epitlieliuni, 334 

lobe;, 290 



Olfactory nerve-fibers, 338 

plates, 120, 133, 334 

tract, 290 
Omental bursa, 187, 200 
Omentum, gastrohepatic, 192, 202 
formation of, 188 

gastrosplenic, 195 

great, formation of, 187, 201 

lesser, 202 
formation of, 188 

phrenicosplenic, 195 
Omphalomesenteric veins, 136 
Ontogeny, 17 
Oogenesis, 27 
Ophthalmic ganglion, 296 
Opisthotic center of ossification, 36& 
Optic cup, 304 
secondary, 306 

lobes, formation of, 271 

nerve, development of, 311 

thalami, 272 

vesicle, 263, 303 
Ora serrata, 307 
Oral cavity, development of, 175 

fossa, 175 

pit, 97, 106, 119, 123, 175 

plate, 118, 122, 175 
Organ of Corti, 325 

of Girald^, 224 

of Jacobson, development of, 337 
. of Rosen miiller, 231 
Osseous cranium, 363 

stage of trunk skeleton, 354 

tissue, formation of, 115 
Ossicles of ear, development of, 332 
Ossification of ribs, 357 

of skull, 363 

of sternum, 357 

of vertebne, 354 
Otic vesicle, 98, 322 
Otocyst, 322 
Outer cell-mass, 45 
Ova, alecithal, 24 

centrolecithal, 25 

classification of. 24 

forniiition of, 27 

holoblastic, 43 

meroblastic. 44 

primitive. 29. 222, 227 

telolecithal, 24 
Ovaries, change of position of, 231 
Ovary, development of, 226 
Oviducts, development of. 230 
Ovists, 18 
Ovulation, 32 

relation of. to menstruation, 34 
Ovum, 22. 228 

embedding of. 85, 86 

niatunitioti of. 30 

ripeuiiig of, 30 

segmentation of, 41 

stage of, If), 96 

Palatf: bone, ossification of, 370 
formation of, 124 



Falftto pioceM, development of, 371 
Falftle-thelves, 336 
PalatcgloHQs, origJD of, 316 
Palatoph&ryngeus, origin of, 34& 
Palpebral foscue, 319 

flwnire, 3ie 
Paii.r,-a.H, J,.vil..i.iin.>Dt of, 194 

fintt niilimfiil'if, lB-2 
Pancn^tic duct, developmeiiCof, 191 
Pander, blowl-islanda of, ];I5 
P»ndert QUcleUB, 26 
fVnuknlDH odiposuB, 216 
Pii|>illin of toDguc, formatioD of, 133 
PaniblasC, 6d 

Punichordnl cartilages, 361 
Puradidymi*. 224 
Paruiial oiBgodurm, 57 
Parietal bonus, osaification of, 370 

«lev>ti»u. -Mi 

forameii, 274 

layer of pleura, 161 

lobe, 283 

Eone,68 
Parieto-occipilal Basaie, 284 
Paroopbor 



Parov 



11,231 



Pan cillaria retinBi. 310 

intermedial is, 237 

iridica retiute. 3iO 

optica retinse, 3tHl 
PartheiiOKOiibtir. aggs, 3a 
Patulous foramen ovale, 143 
Pectoral girdle, developmciit of, 377 
Pelvic Birdie. 378 
Pelvis of kidney, formnlion of, 318 
Penii, develoiiQient of. 235 
FerfoTBted lamina, antorior, 291 

■pace, piiiilerior. 270.271 
Pericardial caTiCj, 150 
Perlcanllnm, development ot, 158 
P*rllyn.ph. 327, 331 
Pertlvrnphatie Bpuci-. 327 
Pcrinenl bodv, 180 
PeHneum. formation of, ISO 
Fori onyx. 248 
Periotic bone, 300 
Peripheral cleavage, 41 

nervDos system. 292 
Peristomal me«>derm, SB 
Ferltoneal cavity, 198 
Peritoneum, development at, 195 

VlKeral layer of, IT3 
PiTtvilelUno tpue, i£l 
Pprmaneat kidney, 217 

leMh, developmrnt of, 139 
eruptinn of. 131 
Fetroraaiitaid bone. 366 
Pet rot ym panic HsBure. 373 
Pflflger's Hgir-tnbefl, V17 
PbaianReo. rievplopniont of, 379 

oonBtrietorK. oridin of, S45 
mrnibtsne, lOG. 11!). ITI. li.*) 
in formation of mouth, 123 



PharTii|>i>ul poaches. lOS, 171, 176 
I'barj-nr, 176 

PliruuicoapleniR omeutmn, 19G 
I'liyioKeiiy, 17 
PluI priH'ussea, y.iH 
I'lemEut-tuyerof retina, 307 
I-iilaraof Uakoir, 161 
Pineal body, 272 

orgiaad, ^73,274 

eye, 275 
Pit, auditory, 322 

oral, 97. 106 
Pitfl. nasal, 334 
Pituitarv bodv, 276 
rumiHtioo of, 123 



iystem of blood-TSMsla, 119 

laix'4 of cleavage, 42 
horu. 347 



Plate, 



lordal, 6 



liiillary. fi2 

viTli'bra!, 57 
Pleora, parietal layer of, 161 

visctral layer of, 161 
Pleunt. development of, 168, 159 
PlearsI gam, formation of, 1B8, IS 
PteuroperloanllRl fold. 160 
Pleuropcriloneal cavity, 68, 197 
Plic. ~ 



Polarity of egg, S5 
Pole-corpuecles. 30 
Polypbvndont, 125 

Polyspern- "" 



Pont 



e.361 



LHtioD of, 368 

PurUl circnlatioo, 154, 161 

iciu, development of, 161 

-veuuDS system, 151, 161 

PofTanal jtot, 170 

Pofltorior ehaiiiher of eye, 318 

nawB, development of, 336 
PoBt-Um'bia iu taa, SS& 
Preformation heory, 18 
Prcbepa icart, 160,191 



.id Kla" 



iiiii, :ri 

Preiiuei'. I'omintion of, 238 
Presphenoid, 3<18 
PrimHry eK![- ukvi, 89 
Prh.iitiveaorta. 137, 150 

eiianiel-)!<'rm, 136 
eyelids. \±i 
gnw.ve, m 
heart- inlvea, 144 
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Primitive jagular veins, 148, 154 

Malpighian corpuscle, 216 

Dails, 247 

ova, 29, 222, 227 

red blood-corpuscles, 136 

segment plate, 57 

segments, 57, 67 

sexual cells, 221 

streak, 51 

vertebral bow, 351 
Primordial bones, 359 
Proamnion, 56 
Process, lateral frontal, 107, 120, 122 

nasal, 120, 334 

nasofrontal, 104, 107, 120, 122, 334 
in formation of nose, 133 
Processes, dental, 129 

globular, 107, 120, 334 
nasal, 334 

maxillary, 123 

of vertebra, development of, 352 
Processus vaginalis, 2S26 
Prochorion, 45, 82 
Proctodeum, 179 
Pronephric duct, 212 
Pronephros, 212, 241 
Pronucleus, female, 32 

male, 39 
Pro-otic center of ossification, 366 
Prosencephalon, 278 
Prostate gland, formation of, 234 
Prostatic urethra, formation of, 234 
Protoplasmic processes, 260 
Protovertebra, 55 

Pterygoid plate, internal, develop- 
ment of, 368 
Pubic rod, 37S 

Pulmonary alveoli, development of, 
207' 

artery, development of, 144, 152 

diverticulum, 205 

groove, *205 
Pulp of spleen, development of. 195 

of teetli, 125 
Pupil, 306 

congenital atresia of, 314 

development of, 318 
Pyramidal tract^s, anterior develop- 
ment of. 266 
crossed, of cord, myelination of, 
389 

Ramus communicans, 301 
Ratlike's pocket. 124, 277 
Kau))er's layer, 45, 49 
Receptive prominence, 39 
Recessus labyrinth i, 322 

vestibuli, 322 
Rectum, 180 

Recurrent laryngeal nerves, 152 
Red blood-corpuscle, primitive, 136 
Reichert's cartilage, 104, 363, 375 
Reil, island of, 281 
Reissner, membrane of, 330 
Renal vein, left, 157 



Reproduction, theories of, 17 
Respiratory system, development of^ 

204,38^-390 
Restiform bodies, development of, 266 
Rete mucosum, 247 

testis, formation of, 223 
Retina, development of, 304 
Rhinencephalou, 290 
Rhomboidal fossa, 267 
Rib, cervical, 354, 357 

lumbar, 357 

thirteenth, 357 
Ribs, development of, 356 
Ridge, genital, 220 

terminal, 50 
Ring lobe, formation of, 280 
Ripening of ovum, 30 
Rod- and cone-layer, formation of, 306 
Rod-visual cells, 307 
Rolando, fissure of, 284 
Roof-plate, 257, 258 
Rotation of stomach, 186, 200 
Round ligament of liver, 167 
formation of, 193 
of uterus, 225, 232 

Saccule, development of, 324 
Saccus endolymphaticus, 323 
Sacral vertebrs, ossification of, 355 
Sacrum, formation of, 355 
Salivary glands, development of, 131 
Sauropsida, blastula of, 46 
Scala media of cochlea, development 
of, 323 
tympani, development of, 330, 331 
vestibuli, development of, 330, 331 
Scapula, develojiment of, 377 
Schwann, white substance of, 295 
deposit of, upon fibres of tract of 
cord, 388, 389 
Sclerotome, 69, .Ml, 350 
Scrotum, development of, 239 
Sebaceous glands, development of, 251 
Second month, development during, 
107 
pair cranial nerves, development of, 

299 
week, development during, 383 
Secondary hair, 250 

optic cup, 306 
Segmental duct, 213 
Segmentation of body of embryo, 69 

of ovum, 41 
Segmentation-cavity, 45 
Segmentation-nucleus, 39 
Semicircular canals, bony, 327 

development of, 323, 324 
Semilunar valves, development of, 147 
Seminal ampulla\ 223 

vesicle, formation of, 224 
Seminiferous tubules, formation of, 

223 
Sense organs, development of, 302, 

383-390 
Sensory epithelium of retina, 307 



Sensor? nerve-SbcTB, dovelopment of, | 

Septa placeDM, 98 

SepUJ i»r(ilage uf uoae. 309 

Scgitum Incidum, fortoBtion of, 288 

trangversum, 14H, 151) 
SerM«,73 
Serous membranes, developmeot of, 

115 
Surtoli'm columtia. 21, 223 
Besaile hydatid, ZU 
SeVBDth month, development during, 



S[<ermatoblasla, i 



of, a 



I nerree, development 



ek. development of, during, 386 
Sexual ccllt, W 
primitive, 221 
oordH. 2». 322 
female. 237 
gland, indifferent, 221 
segment of Wolffian body, 210 
system, female, 29«, a<3 
homologies of, 240 
indifferent type, 220 
male, 222, 242 
Shell of hen's egg, 27 
Shelt-meiDbrane, 2T 
Sbonlder girdle, development of, 377 
Sinos, annular. IS3 
pocularis, 224. 234 
prwcervicalis. 105 



21 

ilia, 21 
Spernialozoou, 20 

pORer of locomotion of, 21 

vitality of, 21 
Sphenoid bone, osatllcation of, 367 
iSphenoidal sinus, development of, 337 
Sphenopalatine ganglion. 296 
Spinal curd, development of, 2S7 
Spinous pniceaa of vertehn, develop- 
ment of, 354 



Splaiicbnupleure. 5H, 169 
Spleen, development of, IM 
, SpoQKioblnata, 25«, 259 
Spot, gemilual, 25 
SqnarooivgomatiF bone, 365 
Stage of embryo, 19, 96 
of fetus, 20, 107 



urogenital, 173, 233 
venosns, 144, iri3 
Sixth month, development during. 



pair cranial nerves, development uf, 

299 
week, development durinR, lOd, 385 
Skeletogenons sheath of ehorda dor- 
salis, »50 
tissues. 69 
Skeleton, appendicular. 348 

development of, 376, 3^-390 
axial, 318 

development of. 347 
of head, development, of. 356 
of trunk, curtilagiuouB stage of; 
351 
ehordal stage of. 348 
development of, 34S 
membcanoua stage of. 349 

Skin, appendajCPB of, 247 

development of. 24.1. 383-390 

Smitll intestine, developmental 

Smegma umbryonum. 247 

Somatic mcaoderm. !>8 

Soniatopleuro. 56, 169 

SomitMi, 5.'>, 67 
mesoblistic, 57, 67 

Space, perlvitctline. 23 

Spaces, intervillous, S7, 99 



of qnlescence uf menstrual cycles 
36 

of repair of menstrual cycle, 36 
SCaltod hydatid, 224 
Stapea, development of, 363 

Sternum, cleft. 3,'>7 

developmeol of, 3.57 
8tigniB, 29 
Stilling, canal of, 315 
Stoinacb, development of, 1B8 

flnt rudiment ot, 181 

glands of. develupraenl ot, 180 

rol4;tion of, 1S6, 200 
Stomodteum, 119, 176, 
Stratnm tlalnighii, ifj 
Streak, primitive, 51 
Striated mnscles, development of, 339 
Stroma- layer of choroid, development 

of. 316 
Styloglossas. origin of, 345 
Stylohval. 376 

■artiliwe. 367 
Stjlohvoid ligament, 363 
Styloid prncese of hyoid, 363 

temporal, development of, 367 
StylopharyngeuB, oriirin of, 346 
Snbclavian arterv, left, development 
of, 152 
right, development of. 151 
Snbmaxlllary ganglia, 290 
Submucosa of iutestiucs, formation of, 

1H8 
8nlciia intervpntrieularia, 143 

of corpus calloHum, 283 
Sii)ieri or maxilla, ossification of, 371 
Suprahyoid gland, 209 
Supra-occipital bone. 364 
Snpraperieardlal bodipn. 909 
Suprarenal bodies, development O^ 
218.242 



404 



INDEX. 



Suspensory ligament of liver, forma- 
tion of, 193 
Sastentacnlar cells of seminiferous 

tubnle, 21 
Satare, amniotic, 75 
Sweat-glands, development of, 250 
Sylvias, aqaedoct of, 271 

flssare of, 279, 280 

fossa of, 280 
Sympathetic nervous system, 300 
Syncytium, 83, 87 
Synovial sacs, development of, 115 

Tail of spermatozoon, 20 

Tail-fold, 72 

Tarsal ligaments, 319 

plates, 319 
Tarsus, development of bones of, 379 
Teeth, development of, 125 

permanent, development of, 129 
eruption of, 131 

temporary, development of, 125 
eruption of, 130 
Tela choroidea, 273 
Telolecithal ova, 24 
Temporal bone, ossification of^ 364 

lobe, formation of, 280 
Temporary teeth, development of, 125 

eruption of, 130 
Temporomaxillary articulation, 374 
Tendon, development of, 114 
Tendon -sheaths, development of, 117 
Tenth pair cranial nerves, develop- 
ment of, 300 
Terminal ridge, 50 
Testicle, development of, 222 

descent of, 225 
Thalamencephalon, 272 
Thebesina. valve of, 144 
Thoca folliciili, 27 
Thecal sacs, development of, 115 
Theory of evolution, 17 

of unfolding, 17 
Third eyelid, 319 

month, development during, 109, 
387 

pair cranial nerves, development 
of, 299 

ventricle, formation of. 272 

week, development during, .384 
Thirteenth rib, a57 
Thoracic prolongations of abdominal 

CHvitv 159 
Tbroat-i>ocket8, 102, 171, 176 
Thymus bodv, 177, 210 
Thyroglossal duct, 133, 208 
Thyroid body, accessorj', 209 

* development of, ift, 207 

duct, 208 

foramen, 378 
Tissue fungus, 87 
Toes, development of, 381 
Tongue, development of, 131, 177 
Tonsil, development of, 177 
Tonsillar pit, 178 



Trabecule cranii, 361 
Trachea, development of, 207 
Tragus, formation of, 323 
Transverse colon, formation of, 186 

crescentic groove, 72 

fissure of brain, 273 

processes of vertebrte, 354 
Trigeminal ganglion, 296 
Trophoblast, 83 
True chorion, 82 

Truncns arteriosus, 102, 137, 140, 149 
Trunk, skeleton of, development of, 
348 
osseous stage of, 354 
Trunk-muscles, development of, 339 
Trunk-segments, IWi 
Tuber cinereuni, 272, 276 
Tuberculum impar, 132, 177 
Tubotympanic sulcus, ^1 
Tunica albuginea of ovary, 227 

fibrosa, 28 

propria, 28 

vaginalis testis, 226 

vascUlosa, 27 
lentis, 313 
Turbinal folds, 336 
Turbinate bone, inferior, ossification 

of, 369 
Turbinated bones, development of, 337 
Twelfth pair cranial nerves, develop- 
ment of, 300 
Twins, origin of, 51 
Tympanic cavity, formation of, 177 

membrane, 177 
development of, 332 

portion of temporal bone, develop- 
ment of, 367 
Tympanohyal, 376 

cartilage. 367 
Tympanum, development of, 331 

Umbilical aperture, 78, 169 

arteries, 93, 149 

cord. 92 

hernia, congenital, 189 

urinary fistula, 233 

vein, 93, 149. 153 

vesicle, 72, 78, 169 
function of, 80 
human. HO 

vessels, 93 
Uncinate gyrus, 291 
Unstriated muscle, development of, 

346 
Urachus. 82, 233 
Ureter. 218 

development of, 212 
Urethra, female, 234 

male, formation of, 239 

prostatic, formation of. 234 
Urinary fistula, umbilical, 233 
Uriniferous tubules, formation of, 217 
Urogenital aperture, 233 

sinus. 17.3, 179, 2:J3 
Uskow, pillars of, 161 
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Uterns bicomis, 230 

development of, 230 

double, 230 

mascoliims, 224, 234 
Utricle, developmeut of, 324 
Uveal tract, development of, 316 
Uvala, formation of, 125 

Vagina, development of, 230 

median septam in, 230 
Valve, coronary, 144 

Eustachian, 144 

of Thebesias, 144 

of Vieussens, 269 
Valv^ atrioventricular, 142 

auriculoventricular, 146 

of heart, development of, 144 

semilunar, development of, 147 
Vas deferens, formation of, 223 
Vasa efferentia, 223 

recta, formation of, 223 
Vascular area, 79 

system, development of, 135, 383- 
390 
fetal, final stage of, 165 

tunic of eye, development of, 315 
Vegetative pole, 25 
Vein, cardinal, 148 

hepatic, 164 

iliac, left common, development of, 
156 

portal, development of, 164 

renal, left, 157 

umbilical, 93 
Veins, allantoic, 81, 148 

cardinal, 154 

omphalomesenteric, 136 

primitive jugular, 154 

spermatic, 157 

umbilical, 149, 153 

vitelline, 136, 153 
Velum interpositum, 272, 273 
Vena azygos m%jor, 157 
minor, l58 

cava inferior, 155, 157 
superior, 154 
VeniB hepaticffi advehentes, 163 

revehentcs, 163 
Venous segment of heart, 141 

system of fetus, 153 
portal, 154 
Ventral mesentery, 173, 187 

development of. 2(»2 
Ventricles, separation of, 143 
Vermiform appendix, development 
of, 186 

process of cerebellum, 268 
Vernix caseosa, 78, 110, 247 
Vertebra*, ossification of, 354 
Vertebral bow, primitive, 351 

column, development of. 348-356 
membranous primordial, 350 

plat«, 57 



Vertebral region of primitive skull, 

361 
Vesicle, germinal, 23, 25 

otic, 98, 322 

umbilical, 72, 78, 169 
Vesicles, cerebral, 262, 263 

lens, 99 
Vestibular ganglion, 326 

nerve, 297 
Vestibule of ear, development of, 327 

of vagina, 237 

of vulva, 234 
Vestigial fold of Marshall, 156 
Vieussens, valve of, 2^ 
Villi of chorion, 83 

of intestine, formation of, 189 
Visceral arch, first, ftinction of, 104, 
119 

arches, 101 
metamorphosis of, 104 
morphological significance of, 102 

clefts, 101 

layer of peritoneum, 172 
of pleura, 161 

skeleton, 358 
Visceral-arch vessels, 102, 137, 149 
Vitelline arteries, 137 

circulation, formation of, 135 

duct, 72, 78, 169 

membrane, 23, 24 

veins, 136, 153 
Vitellus, 23, 24 

Vitreous body, development of, 314 
Vocal cords, development of, 207 
Voluntary muscles, development of, 

339 
Vomer, ossification of, 370 

Weight of fetus at term. 111 

at different stages, 386-390 
Wharton,je]ly of, 93 
White commissures of cord, 260 
fibrous tissue, formation of, 114 
matter of brain, formation of, 279 

of cord, development of, S^l 
of hen's egg, 27 

substance of Schwann, development 
of, 295, 383, 389 
Winslow, foramen of, 203 
Witches' milk, 253 
Wolffian body, 213 
duct, 215 
in female, 230 
Wolff* 's doctrine of epigenesis, 18 
Wreath, 41 

Yolk of ovum, 23 
Yolk-sac, 72, 78, 169 

Zona pellucida, 23, 29 

radiata, 29 
Zone, parietal, 68 

stem-, 68 
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W. B. SAUNDERS 6 COMPANY 

925 WALNUT STREET PHILADELPHIA 

NEW YORK LONDON 

Fuller Builduig, 5th Ave. and 23d St. 9. Henrietta Street, Covent Garden 

LITERARY SUPERIORITY 

'^HE excellent judgment displayed in the publications of the house 
* at the very beginning of its career, and the success of the mod- 
em business methods employed by it, at once attracted the attention 
of leading men in the profession, and many of the most prominent 
writers of America offered their boolcs for publication. Thus, there 
were produced in rapid succession a number of works that imme- 
diately placed the house in the front rank of Medical Publishers. 
One need only cite such instances as Stengel's " Pathologj'," Hirst's 
"Obstetrics," the late William Pepper's "Theory and Practice of 
Medicine," Anders' " Practice," DaCosta's " Surgery," Keen and 
White's "American Text-Book of Surgery," Hektoen's "American 
Text-Book of Pathology." and the " International Text-Book of 
Surgery," edited by Warren and Gould. The.se works have made 
for themselves a place among the best text-books on their several 
subjects for students and practitioners. 

A Complete Catalogue of our Publicationt will be Sent upon Requeit ^^M 
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American Text-Book of Pathology. Edited by Ludvig Hektokn, 
M. D., Professor of Pathology, Rush Medical College, iu affiliation with 
the University of Chicago; and David Riesman, M. D., Professor of 
Clinical Medicine, Philadelphia Polyclinic. Handsome imperial octavo, 
1245 pages, 443 illustrations, 66 in colors. Cloth, S7.50 net ; Sheep or 
Half Morocco, $8,50 net. 

MOST SUMPTUOUSLY ILLUSTRATED PATHOLOGY IN ENGLISH 

The importance of the part taken by the science of pathology in the recent 
wonderful advances in practical medicine is now generally recognized. It is uni- 
versally conceded that he who would be a good diagnostician and theraptsl must 
understand disease — must know pathology. The present work is the most repre- 
sentative treatise on the subject that has appeared in English, h furnishes prac- 
titioners and students with a comprehensive text-book on the essential principles 
and facts in General Pathology and Pathologic Anatomy, with especial emphasis 
on the relations of the latter to practical medicine. The illustrations are nearly 
all original, and those in color, many of which represent the composite result of 
from seven to ten colors, are printed directly in the text, thus facilitating consulta- 
tion. In fact, the pictorial feature of the work forms a complete atlas of patholi 
anatomy and histology. 
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The Lancet, London 
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Stengel's 
Text-Book of Pathology 

rourth Edition, Thoroughly Revised 
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A Text-Book of Pathology. By Alfred Stengel, M. D.. Professor 
of Clinical Medicine in the University of Pennsylvania. Octavo volume 
of 897 pages, with 364 text-illustrations, many in colors, and 7 full-page 

^ colored plates. Cloth, S500 net ; Slieep or Half Morocco, S6.00 net 
I WITH 364 TEXT-CUTS, MANY IN COLORS, AND 7 COLORED PLATENS 

In this work the practical application of pathologic facts to clinical medicine 
is considered inore fully than is customary in works on pathology. While th© 
subject of pathology is treated in (he bro^adest way consistent with the size of the 
book, an effort has been made to present the subject from the point of view of the 
clinician. In the second part nf the work the pathology of individual organs and 
tissues is treated systematically and quite fully under subheadings that clearljr 
indicate the subject-matter to be found on each page. In this edition the section 
dealing with General I'athology has been most extensively revised, several of the 
important chapters having been practically rewritten. A very useful addition 
is an Appendix treating of the lechnic nf pathologic methods, giving briefly the 
most important methods at present in use for the study of pathology, including, 
however, only those methods capable of giving satisfactory results. The book 
will be found to maintain fully its popularity. 
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miBwn H. Welch. M.D.. 
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Litdvi^ Helitoan, M. D., 

PT<iff:ior !•/ Palhohgy. Rnih Mtdital Co/lfri. 
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me is inlrnded lo present (he subject of pathology in as practical a form ai pos- 
lible, and mure espectally from the point of view of ihe ' clinical palbologist.' These subjecll 
have been failhrully carried out, and a valuable text-book Is the result. We can most favorably 
J ■. jji ^^^ readers Bi a thoroughly practical work on clinical pathology." 
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A Thesaurus of Medical Words and Phrases. By Wilfred I 

Barton, A. M., Assistant to i'rofessor of Materia Medica and Thera- 
peutics, and Lecturer on Pharmacy. Georgetown University, Washing- 
ton, D. C. ; and Walter A. Wells, M, D., Demonstrator of Laryn- 
gology and Rhinology. Georgetown University, Washington, D. C. 
Handsome octavo of about 650 pages. Cloth, $0.00 net; Sheep or 
Half Morocco, go.oo net. _ 

THE ONLY MEDICAL THESAURUS EVER PUBLISHED ■ 

This work is the onlj' Medical Thesaurus ever published. It aims to perform 
for medical literature the same services which Rogel's work has done for literature 
in general : that is, instead of. as an ordinary dictionary does, supplying the 
meaning to given words, it reverses the process, and when the meaning or idea 
is in the mind, it endeavors to supply the filling term or phrase tD express that 
idea. To obviate constant reference to a lexicon to discover the meaning of 
terms, brief definitions are given before each word. As a dictionary is of service 
to those who need assistance in interpreting the expressed thought of others, the 
TTiesaurus is intended 10 assist those who have to write or to speak to give proper 
expression 10 iheir own thoughts, !n order to enhance the practical application 
of the book cross references from one caption 10 another have been introduced, 
and terms inserted under more than one caption when the nature of the term 
pemiiited. In the matter of synonyms of technical words the authors have per- 
formed for medical science a service never before attempted. Writers and 
speakers desiring to avoid unpleasant repetition of words will find this feature 
of the work of invaluable sen-ice. Indeed, this Thesaurus of medical terms and 
phrases will be found of inestimable value to all persons who are called upon 
to state or explain any subject in the technical language of medicine. To this 
class belong not only teachers in medical colleges and authors of medical books, 
but also every member of the profession who at some time may be required lo 
deliver an address, state his experience before a medical society, contribute to 
the medical press, or give testimony before a court as an expert witness. 



PATHOLOGY. 



McFarland's 
Text-Book of Pathology 



A Text-Book of Pathology. By Joseph McFarland, M, D., Pro- 

I fessor of Pathology' and Bacteriology in the Medico-Chirurgical Col- 
lege of Philadelphia ; Pathologist to the Medico-Chirurgical Hospital, 
Philadelphia. Handsome octavo of about 900 pages, beautifully iUus^l 
trated. Cloth, So.oo net ; Sheep or Half Morocco. ;So.oo net. 



A NEW WORK— JUST ISSUED 



I trs 

^^^^1 The science of pathology is ihe key to the successful diagnosis and treatmei 
^^^^Eof disease. Symptoms and physical signs are but the manifestations of pathologic 
^^^^HlcoDditions, and their meaning cannot be properly interpreted unless their cause — 
^^^^Ffte morbid processes — is thoroughly understood. Further, it is only upon a 
I sound knowledge of these morbid conditions that any scientific system of thera- 

peutics can be built up. It is evident, therefore, that a practitioner to be prop- 
erly equipped to cope with disease in its various forms must have at his command 
the essential facts of the science of pathology. This entirely new work, by a 
pathologist of recognized ability, is a plain account of the natural history of dis- 
ease, and covers the field thoroughly, accurately, and completely. Being the 
work of a teacher who, as such, is eminently familiar with the needs of studentt,. 
it is arrajiged in a manner and written in a style best suited to teaching pur-' 
poses. Unlike most works on pathology, it treats the subject, not from the pro- 
fessor's point of view, but from that of the student, the author ever aiming to 
render most easy of comprehension the many difficult theories of the science. 
TTie work is descriptive, not controversial, debated points u'ually not being dis- 
cussed. The text is admirably elucidated by nvimerous excellent illustrations, 
many cif them having been especially drawn. Indeed, this book of Dr. McFar- 
land's will be found of inestimable value not only to the student and general 
practitioner, but also to the specialist, .as presenting the very latest advances in 
the science. 
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GET * • THE NEW ■ 

THE BEST t\ in C n C £i n standard 

Illustrated Dictionary 

Third Revised Edition — Just Issued 



The American Illustrated Medical Dictionary. A new and coan^H 
plete dictionary of the terms used in Medicine, Surgery. Dentistry, 
Pharmacy, Chemistry, and kindred branches ; with over lOO new and 
elaborate tables and many handsome illustrations. By W. A. Newman 
DoRLAND, M. D., Editor of " The American Pocket Medical Diction- 
ary." Large octavo, nearly 8oo pages, bound in full flexible leather. 
I Price, S4.50 net ; with thumb index, §5.00 net. 

^^^H Givei a Maximum Amount of Matter in a Mininium Space, and at the Loweit ^^H 
^^^1 Ccul ^^1 

^^1 THIRD EDITION IN THREE YEARS - 12,500 COPIES ^H 

^^^^ The immediaie success of this work is due to the special fcitures that distilt^^| 
guish it from other books of Its kind. It gives a maximum of matter in 3 mini- 
mum space and at the lowest possible cost. I'hough it is practically unabridged, 
yet by the use of thin bible paper and flexible morocco binding it is only I Jf 
inches thick. The result is a truly luxurious specimen of book-making. In this 
new edition the book has been thoroughly revised, ami upward of one hundred 
important new terms that have appeared In recent medical literature have been 
added, thus bringing the book absolutely up to date. The book contains hun- , 
dreds of terms not to be found in any other dictionary, over 100 original table 
and many handsome illustrations, including 24 colored plates. 
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Heisler's 
i'ext-Book of Embryology' 

Second Edition, Thoroughly Revised 



A Text-Book of Embryology. By John C, Heisler, M. D., Pro-1 
fessor of Anatomy in the Medico-Chirurgica! College, Philadelphia. 1 
Octavo volume of 405 pages, with 196 illustrations, 32 of them in I 
colors. Cloth. $2.50 net. 

WITH 196 ILLUSTRATIONS, 32 IN COLORS 

The &ct of embryology hai-ing accguired in recent years such great internt I 
in connection with the teaching and with the proper comprehension of human a 
anatomy, it is of first importance 10 the student of medicine that a concisi 
yet sufficiently full text-book upon the subject be available. In its first edition 1 
this work met this want most admirably, and in its present form it will prove even 
more valuable. The work has been thoroughly revised, and such additions have 
been made as the progress of the science has rendered necessary. Moreover, the 
entire work has been generally improved. The chapter treating of [he Deciduse 
and the Placenta has been rewritten, as has also the greater part of that upon tl 
Chorion. In addition to these changes, several new illustrations have been added. I 
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tlomy and Piysielegy, Vaivtriity t/ Michigan. Ann Arier. 
" I find Ihe second edilion ol ' ,\ Text-Book o( Embryology' by Dr. Heisler an improra* fl 
men! on Ihe firsi. The figures added increoie greatly Ihe value of Ihe work. I am 

Wlliun Wathm, M. D., 

Frt'frsior af ObsUtrics. Aideminal SuTgiry.ani Gynecolegy.and Dean . A'tntKt»y ScAfffl ^ '1 
Midieint. Leuiivilli. Ky. 

" It Is syslemallc. scienlific. (ull of limpUcily, and Just such a work as a medics] stndert J 
will be able lo comprehend." 
Btnnlnghtun Medical Review, EngUnd 

■' We can most confiderlly recommend Di. Heisler's book lo the student of biology n 
medicine for his careful study, if bis aim tie lo scquire a sound and praclica] acqu^ntanee <r)Q|.l 
the suhjeci of embryology." 
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Mallory ant Wright's 
Pathologic Technique h 

Second Edition, Revised and Enlarged ^^| 

Pathologic Technique. A Practical Manual for Workers in Patho^^J 
logic Histology, including Directions for the Performance of Autopsies 
and for Clinical Diagnosis by Laboratory Methods, By Frank P. 
Mallory, M. D., Associate Professor of Pathology, and James H. 
Wright, M. D., Instructor in Pathology, Harvard University Medica}^^| 
School. Octavo of 432 pages, with 137 illustrations. Cloth, ;g3,oo net^^H 

^^1 WITH CHAPTERS ON POST-MORTCM TECHNIQUE AND AUTOPSIES ^H 

^^^^1 In revising Ctie book for the new edition ttie authors hnve kept in view thtfllH 
^ needs of the laboralorv worker, whether student, nractitioner. or oatholoirist. for ■■-■ 



needs of the laboratory worker, whether student, practitioner, or pathologist, for 
a practical manual of histologic and bacceriologic methods in the stud)' of patho- 
logic material. Many parts ha\e been rewritten, many new methods have been 
■ added, and the number of illustrations has been considerably increased. Among 
the many changes and additions may be mentioned the amplification of the de- 
scription of the Parasite of Actinomycosis and the insertion of descriptions of the 
Bacillus of Bubonic Plague, of the Parasite of Mycetoma, and Wright's metjiods 
for the cultivation of Anaerobic Bacteria. There have also been added new 
staining methods for elastic tissue by Weigert, for bone by Schmorl, and for con- 
nective tissue by Mallory. The new edition of this valuable work keeps pace 
with the great advances made in pathology, and will continue to be a most useful 
laboratory and post-mortem guide, full of practical information. 
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Wm. H. W«lch, M. D.. 

Profasor of Pathahgy. Johns Hspkiiti UaivtrtUy.Ballimori. 

" 1 have been looking forward 10 the publication oF this book, and I am glad lo say that I 
find It a most useful laboratory and posl-morieni guide, full of practical infonnalian and well 

Botton Medical uid Sut^caI Joumsl 

" This manuil, since its first .ippearance, has been recognized as the standard guide ii 
logical technique, and hu became well-nigti indispensable to the laboratory worker," 
Jounul of the American MedictJ Auociatloii 

" One of the most complete works on llie subject, and one which should be in Ibe 

very physician xlio hopes lo keep pace with ihe great advances made in palholqy. 
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Bohm, Davidoff, arid 
Huber's Histology 



A Text-Book of Human Histology. Including Microscopic Tech- 

c. By Dr. a. a. Hohm and Dr. M. von Davidoff, of Munich, and 
G. Carl Huher, M. D., Junior Professor of Anatomy and Director of the 
Histological Laboratory. University of Michigan. Ann Arbor. Hand- 
some octavo of 503 pages, with 351 beautiful original illustrations. 
I Cloth, 53.50 net. J 

■ INCLUDING MICROSCOPIC TECHNIC ^ 



The work of Drs. liohm 
and has been considered ont 
of Human Histology. The < 



and Davidoff is well known in the German edition, 
of the most practically useful hooks on the subject 
Jicellence of the text and illustrations, attested by all 
it has received from both 



familiar with the work, and the cordial recepli 
students and investigators. Justify the belief that an F.nghsh translation will meet 
with approval from American and Enghsh teachers and students, This American 
edition has been in sreat part rewriiten and very much enlarged by Dr. Huber, 
who has also added over one hundred original illustrations. Dr. Huber's exten- 
sive additions have rendered the work the most complete students' leit-hook on 
Histology in existence. The hook eoniai ns particularly full and explicit instructions 
in the matter of technic, and it will undoubtedly prove of the utmost value to 
students and practical workers in the Histologic Laboratory. Special attention is 
called to the fulness of the text, the large amount of matter on lechnic. and the 
s handsome il lustra li 
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McFarland's 
Pathogenic Bacteria 

Fourth Edition, Rewritten and Enlar{£ed 



A Text-Book Upon the Pathogenic Bacteria. By Joseph McFai 
LAND. M, D,, Professor of I'athologj' and Bacteriology- in the MedicoJ 
Chirurgical College of Philadelphia, Pathologist to the Medico-ChirurJ 
gical Hospital, Philadelphia, etc. Octavo volume of 629 pages, find 
illustrated. Cloth, S3.50 net. 

JUST ISSUED 

This book gives a. concise account of the technical procedures necessary in 
study of bacteriology, a brief description of the life-history of the important patllO^ 
genie bacteria, and sufficient description of the pathologic lesions accompanying 
the micro-organismal invasions to give an idea of the origin of symptoms and the 
causes of death. The illustrations are mainly reproductions of the best the world 
affords, and are beautifully and accurately executed. Although but a short time 
has elapsed since the appearance of the previous edition, enlensive progress has 
been made in the subjects of which it treats. In this edition, therefore, the entire 
work has been practically rewritten, old matter eliminated, and much new matter 
inserted. The chapters upon Infection and Immunity have been greatly extended 
by the addition of the many new facts recently added to our knowledge. The 
value of the work has been considerably enhanced by the introduction of a large 
number of references to the literature. 
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H. B. AndenoD. M. D.. 

Profciior of Pjllii)l6gy and BacttP-iology. Tm 
" The book n h salisfaclory onv, nnd 1 shall \3 
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The Lancet. London 

" It is excellently adapted for the medical sludenB nnd praciilioncrs forv 
written. . . . The descriptions given nre accuiale and readable, and the book should prove 
useful to those Cor whom it k written." 

New York MedicBl Journal 

"The author hns succeeded arimimbly in presenting the esGentinI dclail? ot bacleriological 
lechnic, together willi a judiciously chosen summary of our present knowledge of pathogenic 
bacteria. . . . The work, we think, ihould hsve a wide circulalion among English-spcaklDf 
students ot medicine." 
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Eyre's 
Bacteriologic Technique _ 

The Elements of Bacteriologic Technique. A Laboratoiy Guide ^^1 
for the Medical, Dental, and Technical Student. By J. W. H, Eire, 
M, D., F. R. S. Edin., Bacteriologist to Guy's Hospital, London, and 
Lecturer on Bacteriologj- at the Medical and Dental Schools, etc. ^_ 
Ictavo volume of 375 paj;e-s, with 170 illustrations. Cloth, 82,50 neL ^^B 



FOR MEDICAL, DENTAL, AND TECHNICAL STUDENTS 
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This book presents, concisely yet clearly, the various melhods al present in 
use for the study of bacteria, and elucidates such points in their life -histories as 
are debatable or still undetermined. !t includes only those methods ihat are 
capable of giviny satisfactory results even in Ihe hands of beginners. The exrel- 
Jent and appropriate terminology of Chester has been adopted throtighoul. The 
illustrations are numerous and practical, the author considering that a picture, if 
good, possesses a higher educational value and conveys a more accurate impres- 
sion than a page of print. The work is not intended fur the medical and dental 
student alone, having been designed with the needs of the technical student gen- 
erally constandy in view, whether he be of brewing, dairying, or agriculture. 
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Surgical Pathology and Therapeutics. By John Collins Wakhen, 
M. D., LL.D.. F. R. C. S. (Hon.), Professor of Surgery, Harvard Medical 
School. Octavo, 873 pages. 136 relief and lithographic illustrations. 33 
in colors. With an Appendix on Scientific Aids to Surgical Diagnosis 
and a series of articles on Regional Bacteriology. Cloth, SS.OO net; 
Sheep or Half Morocco, S6.00 net, 

SECOND EDITION, WITH AN APPENDIX 

In the second edition of this book all the important changes have been em- 
bodied In a new Appendix. In addition to an enumeration of the scientific aids to 
surgical diagnosis there is presented a series of sections on regional bacteriology, 
in which are given a description of the flora of Ihe affected part, and the general 
principles of treating the affections they produce. 

RmwbU PMk. M. P.. 

/« Ikt Harvard Cradiialt Magavni. 

■' r think il is Ihe most creditable book on surgical palhology. dnd Ihe most be: 
iUttslration of Ihe bDoltmakera" art iliai has ever been issued from Ihe American f 
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SAUNDERS- BOOKS ON 



Dtirck and Hektoen's 

Special Pathologic Histology 



Atlas and Epitome of Special Pathologic Histology. By Dk. 
DiJKCK, of Munich. ICdited, with additions, by Luuvig Hektoen, M. D., 
Professor of Pathology, Rush Medical College, Chicago. In two parts. 
Part I, — Circulatory. Respiratory, and Gastro -intestinal Tracts. 120 
colored figures on 62 plates, and 158 pages of text. Part 11. — Liver, 
Urinary and Sexual Organs, Nervous System, Skin, Muscles, and 
Bones. 123 colored figures on 60 plates, and 192 pages of text. Per 
part : Cloth, S3.00 net. In Saum/frs' Hand-Atlas Series. 

The great value of these plates is that they represent in the exact colors the ef 
of the stains, which is of such great importance for the differentiation of tissue. 
The text portion of the book is admiralilc. and, while brief, it is entirely satisfac- 
tory in that the leading facts are stated, and so stated that the reader feels he h; 
grasped the subject extensively. 

WUliun H. Welch. M. D.. 

Profeitar k/ Palhohsy. Jaltns Hiptin^ Uaivertity. Sallimore. 

"I consider Diirek's 'Alias of Special Pathologic Histology.' ediwd by 



k 



!fIeeV^H 

ifae- 

has 



Sobotta and Huber's 
Human Histology 



Atlas and Epitome of Human Histology. By Privatdocent Di 
J. Sobotta, of Wurzburg. Edited, with additions, by G, Carl Hub: 
M. D., Junior Professor of Anatomy and Histology, and Director of the 
Histological Laboratory, University of Michigan, Ann Arbor. With 
2 14 colored figures on 80 plates. 68 text-illustrations, and 248 pages of 
text. Cloth, S4.50 net. /« Saundfis' Hand-Alias Scriis. ^B 

INCLUDING MICROSCOPIC ANATOMY H 

The work combines an abundance of well-chosen and most accurate illustrm- 
lions. with a concise text, and in such a manner as to make it both atlas and text- 
book. The great majority of the illustrations were made from sections prepared 
from human tissues, and always from fresh and in every respect normal specimens. 
The colored lithographic plates have been produced with the aid of over thirty 
colors, and particular care was taken to avoid distortion and assure exactness of 
magnification. The text is as brief as possible, clearness, however, not being 
sacrificed to brevity. 
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Howell's Physiology 



N 



American Text-Book of Physiology. In two volumes. Edited by 
William H. Howell. Ph.D., M. D., Professor of Physiolt^y in the 
Johns Hopkins University. Baltimore. Md. Two royal octavo volumes 
if about 600 pages each, fully illustrated. Per volume: Cloth, S3-00 
net ; Sheep or Half Morocco, S3-75 net 



SECOND EDITION. REVISED AND ENLARGED 



Even in the short lime that has elapsed since the first ediLon of this work 
there has been much progress in I'hysiology, and in this edition the book has been 
thoroufihly revised 10 keep pace uith this progress. The chapter upon the Cen- 
tral Nervous System has been entirely rewritten. A section on Physical Chem^ 
istry forms a. valuable addition, since these views are taking a large part in currenl 
discussion in physiologic and medical literature. 
The Medical Newi 

" Thf work will siand as a work of reference on physiology. To him who desires to know 
inquiry, we know of none in English which so eminently mrets such a demand." 

Stewart's Physiology 
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A Manual of Physiology, with Practical Exercises. For Student 

and Practitioners, By G. N. Stewart, M. A.. M, D., D.Sc. Professor 
of Physiology and Histology, Western Reserve University, Cleveland, 
Ohio, Octavo volume of 894 page.s, with 336 illustrations and S colored 

plates. Clolh, S3. 75 net. ■ 

FOURTH REVISED EDITION fl 

This work is written in a plain and attractive style that renders it particularly 
suited to the needs of students. The systematic portion is so treated that it can 
be used independendy of the practical exercises, which constitute an important 
feature of the book. In the present edition a considerable amount of n 
has been added, especially to the chapter on The Central Nervous Systei 

Philadelphia Medical Journal 

"Those familiar with ihe altainmenti of P\ 
teacher and a wriler, need no assurance thai in iK 
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Levy and Klemperer's 
Clinical Bacteriologiy 

The Blements of Clinical Bacteriology. By Dks, Kknst Lew atirf 
Felix Klempeker, of the University of Strasburg. Translated and 
edited by Augustus A. Eshner. M, D., Professor of Clinical Medicine, 

Philadelphia Polyclinic. Octavo volume of 440 pages, fully illustrated. 

Cloth, S2.50 net. ^^1 

S. Solii-Cohen. M. D.. ^^^| 

Amur .^...«M«f Pre/inor of Clinical Mt,licine. Jeffinon AfidtcJl Colligi. Phila. ^^H 

Lehmann, Neumann, and 
Weaver's Bacteriolo£>y 

Atlas and Epitome of Bacteriology: including a Text-Book of 
Special Bacteriologec Diagnosis. By Pkof, Dr. K. B Leiimann 
and Dr. R. O. Neumann, of Wiirzburg, From llu Second Rtviscd and 
Enlarged German Edition. Edited, with additions, by G. H. Weaver, 
M. D., Assistant Professor of Pathology and Bacteriology', Rush Medical 
College, Chicago. In two parts. Part I. — 633 colored figures on 69 
lithographic plates. Part 11. — 511 pages of text, illustrated. Per part: 
Cloth, S2.50 net. In Saunders' Hand-Atlas Series. ^h 

The Lancet. Londan ^^^H 

■ Wc have round the work a more inislworthy guide for [ht rccognilioii of unramlDa^^^l 
specie'* than any will, which we are acnuamled." 

Stengel and White on Blood 

' The Blood In its Clinical and Pathologic Relations. Hy AlfreiJ^| 

Stengel, M. D., Professor of Clinical Medicine in the University of 
Pennsylvania : and C. Y. White, Jr., M. D., Instructor in Clinical 
Medicine in the University of Pennsylvania. In Preparation. 



This work will deal wiih the blood in ils clinical and pathologic relations, 
will be beautifully illustrated, and will represent the latest knowledge 
jects, concisely and clearly expressed. 
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Senn'S Tumors second HeviMd Edition 

Pathology and Surgical Treatment of Tumors. By Nicholas 
Senn, M. D., Ph. D., LL.D., Professor of Surgery, Rush Medical Col- 
lege, Chicago. Handsome octavo, 718 pages, with 478 engravings, 
including 12 full-page colored plates. Cloth, ^15. 00 net; Sheep or Half 
Morocco, |;6.oo net. 

•* The most exhaustive of any recent book in English on this subject. It is well illus- 
trated, and will doubtless remain as the principal monograph on the subject in our 
language for some yfizxs." —Journal of the American Medical Association. 

Stoney's Bacteriolo^ and Technic 

Bacteriology and Surgical Technic for Nurses. By Emily A. M. 
Stoney, Superintendent of the Training School for Nurses at the Carney 
Hospital, South Boston, Mass. i2mo of 200 pages, profusely illus- 
trated. Cloth, $1.25 net. 

" lliese subjects are treated most accurately and up to date, without the superfluous 
reading which is so often employed. . . . Nurses will find this book of the greatest value." 
— The Trained Nurse and Hospital Review. 

Clarkson's Histolo^K 

A Text-Book of Histology. Descriptive and Practical. For the 
Use of Students. By Arthur Clarkson, M. B., C. M. Edin., formerly 
Demonstrator of Physiology in the Owen's College, Manchester, Eng- 
land. Octavo, 554 pages, with 174 colored original illustrations. 
Cloth, $4.00 net. 

" The volume in the hands of students will greatly aid in the comprehension of a sub* 
ject which in most instances is found rather difficult. . . . The work must be considered 
a valuable addition to the list of available text-books, and is to be highly recommended." 
— New York Medical Journal. 

Gorham's Bacteriolo^ 

A Laboratory Course in Bacteriology. For the Use of Medical, 
Agricultural, and Industrial Students. By Frederic P. Gorham, A. M., 
Associate Professor of Biology in Brown University, Providence, R: I., 
etc. i2mo of 192 pages, with 97 illustrations. Cloth, $1.25 net. 

" One of the best students' laboratory guides to the study of bacteriology on the mar- 
ket. . . . The technic is thoroughly modem and amply sufficient for all practical pur- 
poses." — American Journal of the Medical Sciences. 

Raymond's Physiology ^c^JlgSi^S^- 

Human Physiology. By Joseph H. Raymond, A. M,., M. D., Pro- 
fessor of Physiology and Hygiene, Long Island College Hospital, New 
York. Octavo of 668 pages, with 443 illustrations. Cloth, $3.50 net. 

" The book is well gotten up and well printed, and may be regnrded as a trustworthy 
guide for the student and a useful work of reference for the general practitioner. The 
illustrations are numerous and are well executed. " — The Lancet, London. 



i6 BACTERIOLOGY. PHYSIOLOGY. AND HISTOLOGY. 

Ball's Bacteriolo^ Fourth Edition, RevUed 

Essentials of Bactereologv : being a concise and systematic intro- 
duction to the Study of Micro organisms. By M. V. Ball, M. D., I^te 
Bacteriologist to St. Agnes' Hospiia], Philadelphia. i2mo of 236 j^iages, 
with 96 illustrations, some in colors, and 5 plates. Cloth, Ji.oo net. In 
Saunders' Question- Campeni/ Series. 

" The lechnic wilh re^td <o media, sioining. mouniing. axki (he like Is culled frotn the 
latest .luihQhtaiivc works.-— Th^ Mtdicil Timn. New York, 

Bud^ett's Physiology 

Essentials of Physiology. Prepared especially for Students of Medi- 
cine, and arranged with questions following each chapter. By Sidney 
P. BuDGETT, M. D., Professor of Physiology, Medical Department of 
Washington University, St. l^uis. i6mo volume of 233 pages, finely 
illustrated with many full-page half-tones. Cloth, Ji.oo net. In 
Saunders' QuesHon-Compend Series. 

"Contains the esjetitinl bets of physiology presented in a clear and concise manner. "^ 
Philadflfkia Midital jQUrxat. 

l,erOy*S HistOlO^ second Edition, Revised 

Essentials of Histology. By Lol'is Leroy, M. D., Professor of 
Histology and Pathology, Vanderbilt University, Nashville, Tennessee. 
lamo, 263 pages, wilh 92 original illustrations. Cloth, $1.00 net. In 
Saunders' Question- Compend Series. 
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Its present form standi its a model of what a student 


'said should be; and 
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.*■— Thi Midkal iVarld, Pliiladelphia. 
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Bastin's Botany 

Laboratory Exercises in Botany. By the late Edson S. Bastin, 
M. A., Professor of Materia Medica and Botany, Philadelphia College of 
Pharmacy, Octavo, 536 pages, with 87 plates. Cloth, $2. 

work IS cmiaenlly a practical one."—Aii<«iti Riforl. fhiladttpki.! C'olleg, 

Frothingh&m's Guide for the Bacteriolo^st 

Laboratory Gitide for the Bacteriologist. By Langdon Froth- 
INGHAM, M. n. v., Assistant in Bacteriology and Velerinary Science, 
Sheffield Scientific School, Vale University. Illustrated. Cloth, 75 cts. net. 

American Pocket Dictionary ''^jS'S.d'"""" 

Dokland's Pocket Medical Diltionarv. Edited by W. A. New- 
man DoRLAND, M. D., Assistant Obsteirician 10 the Hospital of the 
University of Pennsylvania. Containing the pronimciation and defini- 
tion of the principal words used in medicine and kindred sciences, wilh 
64 extensive tables. Handsomely bound in flexible leather, with gold 
edges, ji.oo net ; with patent thumb index, S1.25 net, 

■■ I can recommend it to our siudcnis without reserve."— J. H, HOLLAND, M, D,, Dtan 
tflkt Jtftrton Midkal Calltgi. Philadelphia. 



;} 




■^C > 



4 



